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DESCRIPTION 

JttmiC METHYLPX^ ^JDINE DERIVATIVES HAVING AB CMS^I C SCT B gEIgt^NT S 
TECHNICAL ^ 'H'-'J^ 

This invention relates to a synthetic quinolone antibacterial 
agent which is iiseful as ampdi nament , an animal drug ^ a drug for fishery 
use and an antibacterial preservative. 

That is, the invention relates to a synthetic qudLnolone 
antibacterial agent in which the structure of a substituent at the 
7 -position of the quinolone mother skeleton or a corresponding position 
(e.g., the 7-position of the 1 , 4-dihydro-4-oxoquinoline skeleton; the 
10-position of 2,3-dihydro-7-oxo-7H- 

pyrido[l,2,3-de] [1.4]benzoxazine skeleton or the like) exerts 
inportant influence vqpon the antibacterial activity , namely a quinolone 
derivative having a 3- tl-amino-l-aromatic 

group-substituted] metlylpyrrolidin-l-yl group as a siabstituent \^ch 
can provide excellent antibacterial activity, and to an antibacterial 
agent and an antibacterial pharmaceutical preparation, which contain 
the ocxopound. 

It fiurther relates to a synthetic quinolone antibacterial drug, 
namely a 3- [ l-amino-l-aromatic grox:5>-sTabstituted] roetl^lpyrrolidine , 
v^ch has a structure that can provide excellent cuitibacterial activity 
and is useful as a production intermediate , and to a protected ccnpoxand 
thereof. 

BACKGROUND ART 

Since the discovery of norfloxacin , antibacterial activity and 



pharmaooklnetxcs of synthetic qulnolone antibacterial agents have been 
sharply improved, andmai^ compounds are now used in the clinical field 
as chemotherapeutic agents vAiich are effective in almost systemic 
infectious diseases. 

In recent years, generation of bacteria having low sensitivity 
to synthetic qulnolone antibacterial agents has been increasing in 
the field of clinics. For example, like the case of Sts^>hylocaccii3 
aureus (JMRSA) and pneumococcus (FE^P) ^diich are non-sensitive to 
p-lactam antibiotics and enterococcus (VRE) t^dh is non-sensitive 
to aminoglycoside antibacterial agents, a case has been increasing 
in which a Gram-positive bacterium originally resistant to drugs other 
than synthetic qulnolone antibacterial cigents also became 
low-sensitive to synthetic qulnolone antibacterial agents. In 
consequence, development of a drug having further high efficacy has 
bem called for in the field of clinics . 

Also, a side effect in vdiich convulsions are induced ^^len a 
non-steroidal anti-inflammatory drug is simultaneously used, as well 
as other side effects such as phototoxicity and the li3ce, have been 
revealed, so that development of a synthetic qulnolone antibacterial 
agent having further high safety has also been called for in the field. 

It is known that structures of svibstituents at the 7-position 
and 1 -position are greatly concerned in the antibacterial activity, 
pharmacokinetics and safety of synthetic cjuinolone antibacterial 
agents. It is already known that a qulnolone derivative having 
3- (amincxnethyl) pyrrolidinyl groi:^) as the 7-position subs tituent shows 
strong antibacterial activity for Gram-negative and Gram-positive 



bacteria. For exanple, there is a 

7- [3- (amincBQetlryl)pyrrolidin-l-yl) quinolonecarboxylic acid 
derivative [Journal ofMediainal Chmistry, vol. 29, p. 445 (1986)] . 
Also , a 7- [3- (l-a3ninGBaethyl)pyrrolidin-l-yl] quinolonecarboxylic 
acid derivative [JburiialojeMsdLLcinalClieniistzy, vol. 36, p. 871 (1993) ] , 
a 7- [3- (l-amino-l-metl^lethyl) pyrrolidin-l-yl] quinolonecarboxylic 
acid derivative [ Joxmial o£MF>rH ri na I Cbemlstxy, vol. 37, p. 733 (1994) ] , 
a 7-[3-(l-aminoal]cyl)pyrrolidin-l-yl]qainolonecarboxylic acid 
derivative [Chemical &Ph^^rimceut±calBullet±n, vol . 42 , p. 1442 (1994) ] 
and the like are knovfxi as quinolonecarboxylic acid derivatives having 
a substituent on the amincmethyl gicaup of 
3- (aminonietlr^l) pyrrolidin-l-yl 

However, substituents on the ami nocnethyl groi:^ of currently 
known 3- (azoinosnethyl) pyrrolidin-l-yl gzxyup are only cLLkyl grotps , and 
a quinolone ccnpovind having an aromatic grcnjp as a substitueait , vAiich 
is related to the present invention, is not known. 

Also, as a r efer ence in which qpainolonecarboxylic a rri d 
derivatives having a cyclic substituent on the aminometJ^l rjrrmp <yf 
3- (amincmethyl) pyrrolidin-l-yl groi:^^ are exenplified, there is, for 
example, JP-W-3-502452 (the term "JP-W" as used herein means an 
'Hmexamined published Japanese international patent application") , 
and it describes conpoimds represented by two general f ozmulae shown 
below. However, the cyclic substituent on the amincmethyl grou^) of 
3- (aminoraethyl) pyrrolidin-l-yl groi^j described in this document is 
limited to a cyclic al3cyl, and there is no disclosure on the 3-[l- 
amino-l-arcmatic grov5>-svibstituted]roBthylpyrrolidin-l--yl groi:^ 



related to the invention. 




coor'^ 



[In the above formula, is an alkyl gravqp having from 1 to 4 carix>n 
atcms, a vinyl gror^j, a haloalkyl group, a hydroar^all^l giroup having 
from 2 to 4 carbon atoms , a cycloaUcyl groi:5> having from 3 to 6 carbon 
atoms, phenyl group or a phez^l grovp substituted with a halogen, an 
alkyl grov5>, NH2 or OH, R^* is a straight, branched or cyclic lower 
al]^l groi:qp having from 1 to 3 carbon atoms, and is CH, CF, CCl, 
CBr, N, CCF3, CNH2, CNQ2, CR or COR' (in these formulae, R is a lower 
alkyl groi:5> and R^ is hydrogen atom or a lower alkyl grpiap) . ] 
Xn the above formula, Z is 



r 



(v^ierein m is an integer of from 0 to 4, and R^ and R^® are each 
independently a hydrogen atom, a lower aUcyl grox:^ or a cycloalkyl 
group) . In this connection, the definitions of substituents and the 
like in the above two general formulae are unrelated to those of the 



cc in pound of the invention, even if the same syihbols are used. 

In addition , JP-W-9-503783 discaoses 2-pyridone carboxylic acid 
derivatives of 4H-4-oxoquinolizone skeleton and the like shown by the 
following fo rmul a. However, the quinolone compound of the invention 
having an aromatic sisbstituent on the aminocuethyl grox:^ moiety of 
3- (aminoraetlryl)pyrrolidin-l-yl gxoxjp related to the invention is not 
also exemplified in this document. 




COOH 

HCI 



— — — DISCHjOSURE-OF^THE --INVENTION 

In view of the above, the inventors of the present c^lication 
have conducted intensive studies with the a-iTn of obtaining excellent 
quinolone conpounds. As a result, it has been found absolutely 
unexpectedly that an aromatic group-substituted 

aminomethylpyrrolidine derivative represented by the fozznula (I) 
described below, its salts and Ir/drates thereof can show potent 
antibacterial activity upon a broad range of Gram-negative and 
Gram-positive bacteria including drug-resistant bacteria, thereby 
resulting in the accomplishment of the invention. 

The inventors have f oiand that a compound represented by the 
formula (I) in v^tiich an aromatic grorp-substituted 



amincxnetlxylpyrrolidine derivative is introduced onto the 10-position 
of 2 , 3-dihydro-3- (S) -iaethyl-7-oxo-7H- 

pyrido[l,2,3-de] [1.4]benzoxazine skeleton or the 7-position of 
6-f luoro-1- [2- (S) -f luoro-1- (R) -cycloprcpyl] -1 , 4-dil^dro-4- 
oxoguinoline skeleton, its salts andhydrates thereof , having excellent 
safety, can show broad and excellent antibacterial activity vtpon any 
one of Gram-negative and Gram-positive bacteria. At the same time, 
it was foxand that it can exert potent antibacterial activity 
drug-resistant Gram-positive bacteria including MRSA, PRSP and VRE, 
which was not esq^ected before the invention. 

Accordingly, the invention relates to a ccinpound represented 
by the following formula (I) , its salts and l^drates thereof 




{wherein represents an aryl group having frcam 6 to 10 carbon atoms 
or a heteroaryl grovqp, 

vrtierein the heteroaryl grot^ may be a f ive-membered ring or 
a six-membered ring and may contain f rem 1 to 4 hetero atoms optionally 
selected from nitrogen atom, oxygen atom and sulfur atom, 

wherein these aryl grot^ and heteroaryl group may have one or 
more siabstituents selected from the grou^J consisting of an alkyl groiip 
having from 1 to 6 carbon atoms , a halogen atom, hydroxyl groi:^), thiol 



groiip/ aminogroi5>, nitrogxox:5>, cyanogroi:i>, caiboacylgroi:?), carfaamqyl 
group, phenyl grot^>, an alkoxyl groL^j having f rem 1 to 6 carbon atoms , 
an alkylthio grov5> having from 1 to 6 carfxm atoms , an alkoacycarboi^l 
group having from 2 to 6 carbon atoms, an acyl group having from 2 
to 5 carbon atoms and a heteroaryl groi:^ (this heteroaryl grovp may 
be a five-me rn i ber ed ring or a six-membered ring and may contain from 
1 to 4 hetero atoms optionally selected from nitrogen atom, oxygen 
atom and sulfur atom) , 

wherein the alkyl grot^j, alkoxyl groi:5>, al3cylthio groi:^>, 
alkoxycarbonyl group, acyl grox:^^, phenyl gravp and heteroaryl grov^) 
among them may have one or more substituents selected from the groijp 
consisting of a halogen atom, hydroxyl grov^, an alkoxyl gravqp having 
from 1 to 6 carbon atoms and an alkylthio groi:^> having from 1 to 6 
carbon atoms, and 

the amino groi^) may have one or two substituents selected from 
the groij^ consisting of forrayl grov5>, an allcyl groi:5> having from 1 
to 6 carbon atoms, an acyl grovqp having from 2 to 5 carbon atoms and 
an alkoxycaiboi^l groiip having from 2 to 5 carix^n atxxns , 

and each independently represents hydrogen atom or an alkyl group 
having from 1 to 6 CcLcbon atoms, 

wherein the alkyl groij^may have one or more substituents selected 
from the groi:5> consisting of hydroxylgroiip, ahalogenatom, ancdJcylthio 
group having from 1 to 6 carbon atoms and an alkoxyl group having from 
1 to 6 narbon atoms, 

R'*, R^ and R^ each independently represents hydrogen atom, hydroxyl 
groi^, a halogen atom, carbamoyl groi:5>, an alkyl group having from 



1 to 6 carbon atoms , an alkoxyl grot5> having from 1 to 6 carbon atoms 
or an alkylthio grotp having from 1 to 6 carbon atoms, 

^dierein the aUcyl gxxyap among them may have one or more 
siibstituents selected from the grot:^>s consisting of hydroxyl groi;5>, 
a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms, 
and eacih independently represents hydrogen atom or an al]^l group 
having from 1 to 6 carbon atoms, 

Q represents a partial structure represented by the following formula 




[wherein-Rtrepresents an al]?yl„grp^ from 1 to 6 carbon atoms, 

an alkei^l group having from 2 to 6 carbon atoms , a halogenoalkyl group 
having from 1 to 6 carbon atoms, a cyclic allcyl group having from 3 
to 6 narb on atocas which may have a substituent, an aryl gxov5> which 
may have a substituent , a heteroaryl group v^iich may have a substituent , 
an alko^l group having from 1 to 6 carbon atoms or an allcylamino group 
having from 1 to 6 carbon atoms, 

represents a hydrogen atom or an alkylthio group having 1 to 6 
carbon atoms, 

wherein R^° and the aforementioned R^ may be integrated to form 
a ring structure by incorporating a part of the mother skeleton, and 
the thus formed ring may contain a sulfur atom as a ring-constituent 
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atcm, and the ring may also have an alkyl groi9> having from 1 to 6 
carbon atoms as a substltuent, 

r"" represents a l^drogen atom, an amino group, a hydroayl grovp, a 
thiol grcfup, a halogenomethyl grou^), an alkyl gxoi:^ having from 1 to 
6 carb on atoms , an alkenyl group having from 2 to 6 carbon atoms , an 
alkynyl group having from 2 to 6 carbon atoms or an alkoxy 1 groi:^ having 
1 to 6 carbon atoms, 

viherein the amino grotgpmay have one or two sxibstituents selected 
from the grovp consisting of fomyl group, an alkyl group having from 
1 to 6 carbon atoms and an acyl group having from 2 to 6 carbon atoms , 
i^en r"" is amino grovp, hydroxyl g r oup or thiol group, they 
may be protected with a protective group, 

represents a halogen atom or hydrogen atom, 

represents nitrogen atom or a partial structure represented by a 
formula (II) 




(II) 



[v^erein represents a hydrogen atom, an amino group, a hcilogen atom, 
a cyano group, a halogenomethyl group, a halogenomethoxyl group, an 
alkyl group having from 1 to 6 carbon atoms, an alkenyl group having 
from 2 to 6 carbon atoms, an alkynyl group having from 2 to 6 carbon 
atoms or an alkoxyl group having from 1 to 6 cazbon atoms, 

vdierein the amino group among themroay have one or two suibs ti tuents 
selected from the group consisting of formyl group, an alkyl group 
having from 1 to 6 carbon atoms and an acyl group having from 2 to 



A' N -R 
or formula: 




(T^^ierein A^, R^, R^°, R^, and Y are as defined in the foregoing) ; 
a conopound of the formula (I) , its salts or hydrates thereof , v^ierein 
Q in the formula (I) has a structure represented by formula: 




(wherein A^, R^, R^°, R^^, and Y are as defined in the foregoing) ; 
a con^xjund of the formula (I) , its salts or hydrates thereof, \dieredLn 
Q in the formula (I) is 6-carfx»q^-9-fluoro-2 ,3-dihydro-3- (S) - 
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5 aarhon atoms, and 

X? and the afoix gn e n tioned may be Integrated to form a ring 
structure by incorporating a part of the mother skeleton, and the thus 
formed ring may con tain an oxygen atom, a nitrogen atom or a sulfiir 
atom as a ring-constituent atom, and the ring may also have an aU^l 
group having from 1 to 6 carbon atoms as a sxibstituent] , 

and each dLndependently represents a nitrogen atom or a carbon 
atom, and and A^ and the carbon atom, to which they are bonded, 
form a partial structure 

>C=C (-A^ "N (-R^) - 

or a partial structure 

>N-C (-A^=) =C (-R^) - 
(vdxerein ^'>" means the presence of 2 bonds to the nitrogen atom or 
carb on atom, the same shall ^>ply hereinafter) , and 
Y represents a l^drogen atom, a phenyl groi:^? , an aoetoxymethyl grpi:^^,^ 
a pivalcyloj^methyl group, an ethoaq^carbonyl groi:5>, a choline grourp, 
a dimethylaminoethyl groiip, a 5-indanyl grcfup, a phthalidinyl grox:^), 
a 5-alkyl-2-oxo-l,3-dioxol-4-ylmethyl group, a 3-acetoxy-2-oxobutyl 
group, an aU^l group having from 1 to 6 carbon atoms, an alkoxymethyl 
grovp having from 2 to 7 carbon atoms or a phenylalkyl groi:5> (composed 
of an alkylene group having frxml to 6 carbon atoms andaphenylgroTi^ ] } . 

The invention also relates to a compound of the forzmila (I) , 
its salts or hydrates thereof, v^erein Q in the formula (I) has a 
structure represented by formula: 
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inethyl-7-oxo-7H-Ryrido[l,2,3-de] [1.4]benzoxazin-10-yl grot5>; [this 
is represented by the following formula] : 




a corapoimd of the fonnula (I) , its salts or l^drates thereof, herein 
Q in the formula (I) is 8-amino-6-carboxy-9-f luoro-2 , 3- 
dil^dro-3- (S) -methyl- 7 -oxo-7H-pyrido [1,2, 3-de] [1 . 4] benzoxazin-10- 
yl group; [this is represented by the following fozmula] : 




a con^xTund of the for mu la (I) , its salts or l^drates thereof, ^dierein 
Q in the formula (I) is 3-car±x5xy-6-f luoro-1- [2- (S) -f luoro-1- 
(R) -cyclopropyl] -1 , 4-dihydro-4-oxo-l , 8-n^hthyridin-7-yl 
[this is represented by the following fozmula] : 




COOH 
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a cxrapound of the fo rmu la (I) , its salts or hydrates thereof, vAerein 
Q in the formula (I) is 3-carboxy-8-chloro-6-f luoro-1- [2- (S) - 
f luoro-1- (R) -cyclcapropyl] -1 , 4-dih|^dro-4-oxoquinolin-7--yl grot^) ; 
[this is represented by the following formula] : 



O 




a coopound of the fonmila (I) , its scLLts or l^drates thereof, herein 
Q in the foaamila (I) is 3-carix33cy-6-f luoro-1- [2- (S) -fluoro-1- 
(R) -cyclopropyl] -S^raethoxy-l , 4-dihydro-4-oxoquinolin-7-yl grot^j; 
[this is represented by the following formula] : 




COOH 



a ocnopound of the formula (I) , its ScJ.ts or l^drates thereof, wherein 
Q in the fonmila (I) is 3-cari5oxy-l- [2- (S) -f luoro-1- (R) - 
cyclcprqpyl] -8-metho3cy-l , 4-dihydro-4-oxoquinolin-7-yl groxxp; [this 
is represented by the following formula] : 
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N 



a coBopoiand of the fozxoula (I) , its salts or hydrates thereof, ^^lereln 
Q in the fomtula (I) is 3-carboxy-6-f luoro-1- [2- (S) -f luoro-1- 
(R) -cycloprcpyl] -8-dif luororaethoxy-1 , 4-dihydro-4-oxoquinolin-7-yl 
group; [this is represented by the following formula] : 




a ooBopound of the fozzmila (I) , its salts or hydrates thereof, herein 
Q in the fortmala (I) is 3-ca2±>03^-r- [2- (S) -f luoro-1- (R) - 
cycaopropyl] -8-dif luorcraethoaqf-l , 4-dil^dro-4-oxoquinolin-7-yl 
group; [this is represented by the following formula] : 




COOH 
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a cc nt pound of the fonnula (I) , its salts or l^drates thereof, \dierein 
Q in the formula (I) is 3-carix>3cy-6-f luoro-1- [2- (S) -f luoro- 
1- (R) -cyclcpropyl] -S-metl^l-l , 4-dihydro-4-oxoqiiinolin-7-yl groups 
[this is represented by the following formula] : 




a cooopound of the fo nnu la (I) , its salts or hydrates thereof, *Aerein 
Q in the formula (I) is 5-amino-3-c!arboxy-6-f luoro-1- [2- 
(S) -fluoro-1- (R) -cyclcpropyl] -8-metho3cy-l, 4-dihydro-4-Qxoquinolin 
-7-yl groiJ5>; [this is represented by the following formula] : 




a conopound of the formula (I) , its salts or l^drates thereof, \dierein 
Q in the formula (I) is 5-amino-3-caiix>xy-6"-f luoro-1- [2- 
(S) -fluoro-1- (R) -cyclcpropyl] -8-iaethyl-l , 4-dihydro-4-oxoquinolin- 
7-yl grovqp; [this is represented by the following formula] : 



15 



N 
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a co nrp ound of the formula (I) , its salts or Irydrates thereof, *^erein 
Q in the for mu la (I) is 5-amino-3-carbo3cy-6,8-difluoro-l- 
[2- (S) -f luoro-1- (R) -cyclcprofpyl] -1 ,4-dihydro-4-oxoquinolin-7-yl 
groui>; [this is represented by the following formula] : 




a ccn^xafund of the fonmila (I) , its salts or hydrates thereof, ^^rein 
in the fo rmu la (I) is an aryl groi:5> having from 6 to 10 cazix^n atcms 
v^iich may have a siabstituent; 

a ocxnpound of the formula (I) , its salts or hydrates thereof, wherein 
R^ in the formula (I) is an aryl gxxyap having from 6 to 10 carbon atoms 
which may have a substituent , and its aryl group moiety is phenyl grot^) 
or naphthyl group; 

a compound of the formula (I) , its salts or hydrates thereof, wherein 
R^ in the formula (I) isaheteroarylgrotrp^^iichmayhaveasiabstituent; 
a ccnpound of the fo r m u la (I) , its salt thereof or a hydrate thereof. 



vAierein in the formula (I) is a heteroaryl group \rfiich may have 
a Slabs tituent, and its heteroaryl group moiety is furyl group, thienyl 
grcfupf pyrrolyl grotp, oxazolyl groiij), isoxazolyl grouqp, thiazolyl 
group, isothiazolyl groi5>, imidazolyl grov5>, pyrazolyl groi^), 
furazai^l group, pyridyl grovqp, pyxazinyl groijp, pyrimidyl grou5>, 
pyxidazinyl grouqp, triazinyl group or tetrazii^l group ; 
a ccoapound of the formula (I) , its salts or l^drates thereof, wherein 
the conpound of formula (I) is a «t i-^T- <aor!>t tfam-i ry^H y pure coopound; 
a cc np ound of the fo rmu la (I) , its salts or hydrates thereof, wherein 

is a cyclopropyl group having a halogen atom as a substituent; 
a ccnpound of the fo rmu la (I) , its ScJ-ts or Ir^drates thereof, wherein 
the cyclopropyl group having a halogen atom as a substituent is a 
1,2-cis-halogenocyclcpropyl group; 

a ccnpound of the fo rmul a (I) , its salts or l^drates thereof, v^erein 
the cycJxipropyl^^OT as a^substituent is a 

stereochemically pure substituent; 

a ccnpound of the formula (I) , its salts or l^drates thereof, herein 
the cyclopropyl group having a halogen atom as a substituent is a 
(IR, 2S) -2-halogenocyclopropyl group; 

a ccnpound of the formula (I) , its salts or hydrates thereof, herein 
halogen atom of the cyclopropyl group having a halogen atom as a 
substituent is fluorine atom; 

a ccnpound of the formula (I) , its salts or hydrates thereof, herein 
each of R^, R^, R% r'' and R® in the formula (I) is hydrogen atom; 
a ccnpound of the formula (I) , its salts or hydrates thereof, wherein 
R^ in the formula (I) is an aryl group having from 6 to 10 caidxDn atoms 
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vAiich may have a sxabstituent or a heteroaryl grcnsp of f ive-xnembered 
ring or six-menibered ring ^AiLch contains from 1 to 4 hetero atoms 
optionally selected from nitrogen atom, oxygen atom and sulfur atom 
and may have a srdDstituent; 

a compouzid of the fo rmu la (I) , its salts or hydrates thereof, wherein 

is phenyl grav^ or naphthyl gravqp; 
a cooopound of the formula (I) , its salts or hydrates thereof, ^rtierein 

is furyl groi^, thienyl group, pyrrolyl groi:5>, oxazolyl groiq), 
isoxazolyl groi:^), thiazolyl grcfvqp, isothiazolyl groL5>, imidazolyl 
group, pyrazolylgroi^, furazanylgroi:5>, Pya^id7lgroi:5>, pyrazii^lgroi;5>, 
pyrimic^l grotj), pyridazinyl group, triazinyl groap or tetrazinyl 
group; 

a medicament v^ch cooprises a compound of formula (I) , its salts or 
hydrates thereof as an active ingredient; 

an antibacterial agent which conprises a compound of formula (I) , its 

salts or l^drates thereof as an active ingredient; 

a therapeutic agent for an infectious disease, *diich conprises a 

compound of fo rm ula (I) , its salts or hydrates thereof as an active 

ingredient; 

a method for treating a disease, which conprises administering a 
compound of fo rmu la (I) , its salts or Ir/drates thereof; 
a method for treating an infectious disease , ^^lich conprises 
adnmiistering a conpound of formula (I) , its salts or hydrates thereof ; 
a method for producing a medicament, which comprises formulating a 
compound of formula (I) , its salts or hydrates thereof as an active 
ingredient ; 
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a method for producing an antil>acterial agent, tdilch cxisprlses 

f oznnilating a cc inp ound of formula (I) , its salts or hydrates thereof 

as an active ingredient; 

a method for producing an infectious disease treating agent, which 
cc in prises for m ulating a co m pound of formula (I) , its salts or hydrates 
thereof as an active ingredient; 

use of a coBopound of formula (I) , its salts or hydrates thereof in 
pro du cing a medicament; 

use of a con^xmnd of formula (I) , its salts or hydrates thereof in 
produci n g an antibacterial agent; 

use of a conpound of formula (I) , its salts or hydrates thereof in 
pxroducing an infectious disease treating agent; 
and so on. 

The invention also relates to each of the following items . That 
iS r a compound represented hy^^t^ 
hydrates thereof 




[vdieredLn represents an aryl grotp havdLng f rtxn 6 to 10 carbon atoms 
or a heteroaryl graupf 

vdxerein the heteroaryl gravqp may be a five-znembered ring or 
a six-membered ring and may contain from 1 to 4 hetero atoms optionally 
selected from nitrogen atom, oxygen atom and sulfur atcm. 
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wherein these aryl group and heteroaryl groi^ may have one or 
more substituents selected from the group consisting of a halogen atom, 
hydro3cyl groi:p, thiol grot^, amino grxjvqp, nitro group, cyano grot5>, 
cai±>oxyl grov5>, carbamoyl groi:5>, phei^l groi:^, an allcyl grotrp having 
from 1 to 6 carbon atoms , an alkoxyl grou^^ having from 1 to 6 carbon 
atoms, an alkylthio grotp having from 1 to 6 carbon atoms, an 
alkoxycarboi^l group having from 2 to 6 carbon atoms, an acyl gxaap 
having from 2 to 5 carbon atoms and a heteroaryl groiqp (this heteroaryl 
group may be a f ive-membered ring or a six-menibered ring and contain 
from 1 to 4 hetero atoms optionally selected from nitrogen atom, oxygen 
atom and sulfur atom) , 

wheredLn the alkyl grov5>, alkoxyl groap, cdJcylthio group, 
alkoxycazbonyl group, acyl gravqp, phenyl grcfvqp and heteroaryl giroup 
among them may have one or more substituents selected from the group 
cjonsisting^ of a halogen atom, hydrpxyl group , an .alkoacyl gaxn^ 
from 1 to 6 carbon atoms and an aUcylthio groi:5> having from 1 to 6 
carb on atoms, and 

the a m i n o group may have one or two substituents selected from 
the groL^ consisting of forrayl groi:^^, an all^l groiip having from 1 
to 6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and 
an alkoxycarbonyl groi:^) having from 2 to 5 cajdDon atoms, 

222 

R represents l^drogen atom, an alkyl groi:^> having from 1 to 6 carbon 
atoms or a protective grox:^ of an amino grot^j, 

R represents hydrogen atom or an sLLkyl grotp having from 1 to 6 carbon 
atoms, 

wherein the alkyl g2:oi:5> of R^ and R^ may have one or more 
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substituents selected from the grovp consisting of l^droxyl groi^), 
a halogen atom, an alkylthio group having frcm 1 to 6 carbon atoms 
and an alkoxyl groi:p having from 1 to 6 cariDon atoms^ 
R^, and each independently represents l^drogen atom, hydroxyl 
group, a halogen atom, carbaaaoyl group, an alkyl groizp having from 
1 to 6 carbon atoms , an alkoxyl groi:^) having from 1 to 6 carbon atoms 
or an alkylthio grouqp having from 1 to 6 carbon atoms, 

if^ierein the alkyl groc5> among them may have one or more 
substituents selected from the groi:qp consisting of l^droxyl grou^, 
a halogen atom and an alkoxyl groiip having from 1 to 6 carbon atoms , 
R and R each independently represents hydrogen atom or an alkyl groiip 
having from 1 to 6 carbon atoms, and 
Q' represents a protective groi:^ of an amino group] ; 
the compoundof the above formula, its sal ts or l^drates thereof , wherein 
the protective group of an amiJio-gr^ 

from groi^ consisting of an alko3cycarbonyl grovqp v^iich may have a 
substituent, anaralkylo3cycarbonylgroi:qpwhichmayhaveasT±)stituent, 
an acyl group which may have a srabstituent, an alkyl group which may 
have a siabstituent , an aralkyl group whicih may have a substituent and 
substituted silyl groups ; 

the cc m pound of the above formula , its salts or hydrates thereof , wherein 
the protective group of an amino groi:5> is a protective group selected 
from the grovp consisting of tert-butoxycarbor^l groi:5>, 
2,2,2-trichloroethoxycarbonyl grov^D and the like alkoo^caibonyl 
groiips ; benzyloscycarbonyl group , para-methoxybenzyloxycarbonyl groi;5> , 
para-nitrobenzyloxycaibonyl groi:5> and the like aralkylo3^carbonyl 
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groins; acetyl grovqp, methoxyacsetyl grov^j, trifluoroaoetyl 
chloroaoetyl groi^, pivalcayl groiip, forxnyl groiq>, benzoyl group and 
the like acyl groups ; tert-butyl grovp , benzyl grovqp , para-nitrobenzyl 
group, para-methox^Denzyl grovqp, triphenyliaBthyl groi:5> and the like 
allcyl groups or aralkyl groups ; methoxyxnethyl groi:5> , tert-butoxymethyl 
group, tetrahydropyranyl grovqp, 2,2,2-trichloroetho3cyinetlryl groi:?> 
and the like ethers ; and trimethylsilyl grot?) , isoprqpyldimetl^lsilyl 
groi:5>, tert-butyldimethylsilyl groiip, tribenzylsilyl grot^), 
tert-butyldiphenylsilyl group and the like substituted silyl groups ; 
the con^KDund of the above foiamila, its salts or l^drates thereof , wherein 

and Q' are not the same; 
the ccanqpound of the above fornnila, itssaltsorhydrates thereof , wherein 
is an aryl groi:^ having f rem 6 to 10 carbon atoms vdiich may have 
a substituent; 

the co9:i5x>undof the above formula , its salts or hydrates thereof , wherein 
R^ is an aryl grovqp having from 6 to 10 carbon atoms whicih may have 
a substituent, and its aryl grot5> moiety is phenyl groi:^^ or naphthyl 
group; 

the oonpound of the above formula, its salts or l^drates thereof , wherein 
^ is a heteroaryl grovqp which may have a substituent; 
the conpound of the above formula , its salts or hydrates thereof , wherein 
R^ is a heteroaryl grov^} vrtiich may have a substituent , and its heteroauiyl 
groTip moiety is f\u:yl group, thienyl groi:5>, pyrrolyl groi:^, oacazolyl 
groi:5>, isoxazolyl grovqp, thiazolyl grovqp, isothiazolyl group, 
imidazolyl grou^j, pyrazolyl grovqp, fxirazanyl grovqp, pyricfyl group, 
pyrazinyl grorf), pyrimic^l groi:^?, pyridazinyl groi:qp, triazinyl groTJip 
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or tetrazinyl grcyv^; 

the conpouxid of the above forimila, its salts or l^drates thereof , wherein 
the each of R^, R^, R^, r'' and R^ is hydrogen atom; 
and so on. 

The invention also relates to each of the following items . That 
is, a ccmpound represented by the following fozzmila, its salts and 
hydrates thereof 




[vdierein R^ represents an aryl grcfup having from 6 to 10 carbon atoms 
or a heteroaxyl grovqp, 

v^erein-the-heteroaryl -groi:5>,may~be- a. five-men^ ring or 

a six-menbered ring and may contain from 1 to 4 hetero atoms optionally 
selected from nitrogen atom, oxygen atom and sulfur atom, 

wherein these aryl group and heteroaryl group may have one or 
more subs tituents selected from the groL^ consisting of a halogen atom , 
hydroxyl groi^, thiol groi:qp, amino gravqp, nitro groi:^, cyano grov^j, 
carboxyl grox^, carbamoyl gror^^, phenyl group, an alkyl groi:^^ having 
from 1 to 6 carbon atoms, an alkoxyl groi:5> having from 1 to 6 carfx^n 
atoms, an alkyl thio groi:5> having from 1 to 6 carbon atoms, an 
alkoxycarbonyl grovqp having from 2 to 6 carbon atoms, an acyl groi:5> 
having from 2 to 5 carbon atoms and a heteroaryl groi:qp (this heteroaryl 
groiip may be a f ive-menibered ring or a six-membered ring and contain 
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from 1 to 4 hetero atoms optionally selected from nitrogen atom, oxygen 
atom and sulfur atom) , 

therein the aUcyl grov^), alkooyl groi:^), alkylthio group, 
alkoxycarbonyl group, acyl groi:^, phenyl grou^j and heteroaryl grov^ 
among them may have one or more substituents selected from the grotp 
consisting of a halogen atom, hydroxyl groi^j, an alkoac^l groi:^ having 
from 1 to 6 carbon atoms and an alkylthio grovp having from 1 to 6 
carbon atoms, 

the amino grovp may have one or two sisbstituents selected from 
the grot5> consisting of fonnyl groi:^, an alkyl grcfvqp having from 1 
to 6 carb on atoms, an acyl groi:p having from 2 to 5 carbon atoms and 
an eJJcoxyceudDonyl groi:^ having from 2 to 5 carbon atoms, 
R represents hydrogen atom, an al]^l gravqp having from 1 to 6 carbon 
atoms or a protective group of an amino group, 

represents hydrogen atom or an alkyl group having from 1 to 6 carbon 
atoms, 

vAierein the alkyl group of and R^ may have one or more 
sxabstituents selected from the gixjup consisting of l^droxyl group, 
a halogen atom, an alkylthio group having from 1 to 6 carbon atoms 
and an alkoxyl group having from 1 to 6 carbon atoms, 
R"*, R^ and R^ each independently represents l^xlrogen atom, hydroxyl 
group, a halogen atom, carbamoyl group, an alkyl group having from 
1 to 6 carbon atoms, an eOkoxyl group having from 1 to 6 carbon atoms 
or an alkylthio group having from 1 to 6 carbon atoms, 

wherein the allcyl group among them may have one or more 
substituents selected from the group consisting of hydroxyl group. 
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a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms , 
and 

r'' and each independently represents hydrogen atom or an alkyl group 
having from 1 to 6 carbon atoms] ; 

the conpoiandof the above formula , its salts or hydrates thereof , wherein 
the protective grot^ of an amino groi:^ is a protective group selected 
from groi^ consisting of an alkoxycarboixyl groi:^ vdiich may have a 
subs ti tuent , an araUcyloxycarbonyl groiip whicih may have a subs ti tuent , 
an acyl gxoxxp which may have a substituent, an alkyl group %Aich may 
have a subs ti tuent, an aralkyl group which may have a substituent and 
substituted silyl groLps ; 

the conpound of the above formula, itssaltsorhydratesthereof, wherein 
the protective groiip of an amino grovqp is a protective group selected 
from the group consisting of tert-buto3ycaa±>oi:^l grov^), 
2 , 2 , 2-tricihloroethoxycazix>ir^l. grou^^ alkaxycagdDor^^ _ 

groups ; benzyloxycarbonyl groi:^^ , para-methox^Denzyloxycarbonyl group , 
para-nitrQbenzylo3cycarbonyl grovqp and the like aralkyloxyca2±oi^l 
grooms; acetyl groi:5>, methoxyacetyl grou^}, triflubroacetyl group, 
chloroaoetyl groi^, pivaloyl group, fonnyl groL^, benzoyl groi:^ and 
the like acyl groups ; tert-butyl grou^j , benzyl grot^j , para-ni trobenzyl 
group, para-methoxybenzyl grov5>, triphenylmethyl grox:^^ and the like 
alkyl groups or aralkyl groups ; methoxymethyl grouqp , tert-butoxymethyl 
groi^, tetrahydrqpyranyl group, 2,2 ,2-trichloroethoxymethyl groi;^^ 
and the like ethers ; and trimethylsilyl groi:^) , isopropyldimetl^lsilyl 
groTip, tert-butyldimethylsilyl group, tribenzylsilyl grov^j, 
tert-butyldiphenylsilyl gro\:5> and the like silyl groups; 

25 



the cxxopaundof the above fo xm ila , its salts or Ir^xirates thereof , wherein 
is an aryl grovqp having f rem 6 to 10 narbon atoms which may have 
a substituent; 

the ocrapoiand of the above f ozzsula , its salts or hydrates thereof , wherein 
is an aryl grot?) having from 6 to 10 carbon atoms ^^ch may have 
a Slabs tituent, and its aryl group moiety is phez^l groi:5> or naphthyl 
grov^; 

the ccmpound of the above f oumila , its salts or hydrates thereof , wherein 
R^ is a heteroaryl group which may have a substituent; 
Q the co m pound of the above formula, its salts or hydrates thereof , wherein 

^ is a heteroaryl group whichmayhave a Slabs tituent, and its heteroaryl 

yj 

m group moxety is furyl group, thienyl group, pyrrolyl group, oxazolyl 

Ifi groip, isoxazolyl group, thiazolyl group, isothiazolyl group, 

^ imidazolyl groip, pyrazolyl group, furazanyl group, pyridyl group, 

S 

^ Py^razinyl group, pyrimidyl group, pyridaziixyl grov^ 

or tetrazinyl group; 

"Si 

^ the ccnpoundof the above formula , its seJ. ts or l^drates thereof , wherein 

the each of R"*, R^, R^, R^ and R® is hydrogen atom; 
and so on. 

The invention also relates to a method for producing a quinolone 
conpound, ^^diich comprises removing Q' from a compound represented by 
the following formula, its scJ-ts cuid hydrates thereof 
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[iirtierein represents an aryl groi:5> having from 6 to 10 carbon atoms 
or a heteroaryl grotp, 

viherein the heteroaryl gxaup may be a f xve-membered ring or 
a six-roembered ring and may contain from 1 to 4 hetero atoms optionally 
selected from nitrogen atom, oxygen atom and sulfiar atom, 

vAierein these aryl groi:^ and heteroaryl groi^> may have one or 
more substituents selected from the group consisting of a halogen atom, 
hydro3^1 grov^), thiol grot5>, amino grox:^, nitro grotp, cyano grou^p, 
carboxyl groa:^^, carbamoyl group, phenyl group, an alkyl group having 
from 1 to 6 carbon atoms, an alkoxyl group having from 1 to 6 carbon 
atoms, an al3cylthio group having from 1 to 6 carbon atoms, an 
alkoxycarbonyl group having from 2 to 6 carbon atoms, an acyl group 
having from 2 to 5 carbon atoms and a heteroaryl group (this heteroaryl 
group may be a^ five-roembered ring. or a six^menabered ring^and contain 
from 1 to 4 hetero atoms optionally selected from nitrogen atom, oxygen 
atom and sulfur atom) , 

vrtierein the alkyl group, alkoxyl group, alkylthio group, 
alkoxycarbonyl group, acyl group, phenyl group and heteroaryl group 
among them may have one or more substituents selected from the group 
consisting of a halogen atom, hydroxyl group, an alkoxyl group havdLng 
from 1 to 6 carb on atoms and an alkylthio group having from 1 to 6 
carbon atoms, 

the amino group may have one or two substituents selected from 
the group consisting of forntyl group, an aU^l group having from 1 
to 6 carbon atoms, an acyl group having from 2 to 5 carbon atoms and 
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an alkoxycarbonyl groi5> having from 2 to 5 caibon atoms, 

represents hydrogen atom, an alkyl grox:5> having from 1 to 6 carbon 
atoms or a protective gravqp of an amino grou^), 

represents hydrogen atom or an alkyl gjxyvqp having from 1 to 6 carfx>n 
atoms, 

v^erein the alkyl grou5> of and R^ may have one or more 
substituents selected from the groi;^^ consisting of hydroa^l groi:5>, 
a halogen atom, an alkylthio group having from 1 to 6 carbon atoms 
and an alkoscyl groi:^) having from 1 to 6 cazbon atoms, 
R^, R^ and R^ each independently represents l^drogen atom, Ir^droxyl 
groiip, a halogen atom, carbamoyl grovqp, an al3^1 groijp having from 
1 to 6 carbon atoms , an alkoxyl group having from 1 to 6 carbon atoms 
or an allcylthio groi:5> having from 1 to 6 carbon atoms, 

wherein the alkyl group among them may have one or more 
Slabs tituents selected from- the grouqp consisting of „hydrpxyl_groi:5>./^ 
a halogen atom and an alkoxyl group having from 1 to 6 carbon atoms , 

7 8 

R and R each independently represents hydrogen atom or an alkyl groiip 
having from 1 to 6 carbon atoms, and 

Q' represents a protective gxavqp of an amino group] , 
if necessary, isolating and purifying, 

and then allowing it to react with a conpound of fomula (III) : 




(III) 
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[^dierein represents a halogen atom or l^drogen atcm, 
X* represents a stibstituent having a function as a leaving groi:5>, such 
as fluorine atom, chlorine atom, bromine atom, a substituted or 
unsubstituted phenylsulf onyl groL^ or a substituted or unsxobstituted 
alkylsxalfonyl group having from 1 to 3 carbon atoms, 

represents }r/drogen atom, phenyl grot5>, aoeto^r/metl^l grovqp, 
pivaloyloxyxnethyl groi:^, ethoxyca3±x>nyl group, ciioline groi:5>, 
dimethylaminoethyl grov5>, 5-indai^l grot5>, phthalidii^l grot?>, 
5-alJcyl-2-oxo-l,3-dioxol-4-yline«^l grovi>, 3-aoetoxy-2-oxobutyl 
groiip, an aU^l grot^j havdLng from 1 to 6 carbon atoms, an alkoa^methyl 
group having from 2 to 7 carbon atoms or a pher^lalkyl grou^^ (con^sed 
of an alkylene grou^j having from 1 to 6 carbon atoms andpherr^l group) , 
or a boron-containing siibstituent represented by formula (IV) : 

BO^Y^ „ (IV)_. 

(wherein each of and rep r esents fluorine atom or an 
alkylcarbonyloxy group having from 2 to 4 carbon atoms) , 
R represents an alkyl grouqp having from 1 to 6 carbon atoms , an alkenyl 
group having from 2 to 6 carbon atoms, a halogenoallcyl group having 
from 1 to 6 carbon atoms , a cyclic alkyl groc^j having from 3 to 6 carbon 
atoms which may have a substituent, an cLryl gro\:5> which may have a 
substituent, aheteroarylgrovp^^ichmayhaveasubstitu^t, analkoxyl 
group having from 1 to 6 carbon atoms or an alkylamino grot^j having 
from 1 to 6 carbon atoms, 

represents hydrogen atom or an alkyl thio grovip having 1 to 6 caxhon 
atoms. 



29 



wherein and the aforementioned may be integrated to form 
a ring structure by incorporating a part of the mother skeleton, and 
the thus fo rmed ring may contain a sulfur atom as a ring-constituent 
atom, and the ring may also have an allcyl groi:qD having frcxn 1 to 6 
carbon atoms as a substituent, 

represents hydrogen atom, amino group , hydroayl groi:^ , thiol grovqp , 
a halogenomethyl gravqp, an aU^l grcfup having from 1 to 6 cajdson atoms , 
an al3cenyl group having from 2 to 6 carbon atoms, an allcyi^l groxip 
having from 2 to 6 carbon atoms or an alkoxyl group having 1 to 6 carbon 
atoms, 

vdierein the amino groi:^ may have one or two sxibs tituents selected 
from the grov^ consisting of fonnyl giroup, an aUcyl group having from 
1 to 6 carbon atoms and an acyl group having from 2 to 6 carbon atoms , 

when R^^ is amin o g2:aap, hydroxyl group or thiol group, tJiey 

may be protected with a protective grotp, - ^. . . . ._ _ „ 

represents nitrogen atom or apartial structure representedby formula 
(II): 




(II) 



[vdierein 3C^ represents h/drogen atom, amino grovqp, a halogen atom, 
cyanogrov^j, a halogenomethyl groxqj, ahalogenoroethoacylgroijp, analkyl 
group having from 1 to 6 carbon atoms, an alkenyl group having from 
2 to 6 carbon atoms , an allc/nyl grov^j having from 2 to 6 carbon atjoms 
or an alkoxyl group having from 1 to 6 carbon atoms, 

wherein the amino group among themmay have one or two subs ti tuent:s 
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selected from the gxoiq> consisting' of fonnyl groip, an alkyl g r t^np 
having from 1 to 6 carbon atonos and an acyl grovp having from 2 to 
5 carbon atoms, and 

and the aforementioned may be integrated to form a ring 
structure by incorporating a part of the mother skeleton, and the thus 
formed ring may contain an oxygen atom, a nitrogen atom or a sulfur 
atom as a ring-constituent atom, and the ring may also have an alkyl 
grov^) having from 1 to 6 carbon atoms as a svibstituent) ] , 
or with a compound r ep r esented by formula (V) : 



R^^ O 




(herein X^, X*, R^, R^°, R^, and Y are as defined in the foregoing) , 
in the presence of a base and further carrying out deprotection if 
necessary. 

The invention also relates to a method for producdLng a quinolone 
ccmpound, which conprises allowing a compound represented by the 
following formula, its S5d.ts and hydrates thereof 
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(wherein R represents an aryl grotp having from 6 to 10 carbon atoms 
or a heteroaryl groip, 

vdierein the heteroaryl grovqp may be a f ive-menobejced ring or 
a six-^nenibered ring and may contain from 1 to 4 hetero atoms optionally 
selected from nitrogen atom, oxygen atom and siilfur atom, 

vrfi e r e in these aryl groi:^ and heteroaryl grorp may have one or 
more substituents selected from the groiip consisting of a halogen atom, 
hydro3^1 grovp, thiol groi:^, amino groi:^>, nitro group, cyano groi:^, 
ca rb oxyl grovqp , carbamoyl group, phenyl group, an alkyl group having 
from 1 to 6 carbon atoms, an alkoxyl groi:^> having from 1 to 6 carbon 
atoms, an aUcylthio grotp having from 1 to 6 carbon atoms, an 
alkoxycarbor^l group having from 2 to 6 cazbon atoms, an acyl groi:5> 
having from 2 to 5 carbon atoms and a heteroaryl group (the heteroaryl 
group may^be a f iye-imerabeTO or a six-^membered ring and contain^ 

from 1 to 4 hetero atoms optionally selected from nitrogen atom, oxygen 
atom and sulfur atom) , 

vdierein the al3c^l groi:^^, alkoxyl grou^j, alkyl thio group, 
alkoacycarborryl group, acyl grot^), phenyl group and heteroaryl groi:^) 
among them may have one or more substituents selected from the grovip 
consisting of a halogen atom, hydroxyl grouqp, an alkoxyl groi:^ having 
from 1 to 6 carbon atoms and an alkyl thio groi:^ having from 1 to 6 
carbon atoms, 

the amino groiip may have one or two substituents selected from 
the group consisting of formyl groxip, an alJcyl grovqp having from 1 
to 6 carbon atoms, an acyl grorp havdlng from 2 to 5 carbon atoms and 
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an alko3^cazboxx7l group having from 2 to 5 carbon atxxns, 

represents hydrogen atom, an allcyl gircfvqp having from 1 to 6 carbon 
atoms or a protective groi;^> of an amino grotp, 

represents hydrogen atom or an alkyl groi:^? having from 1 to 6 carbon 
atoms / 

vrtiereln the alkyl group of R^ and R^ may have one or more 
substltuents selected from the group consisting of hydroa^l grovp, 
a halogen atom, an aUcylthlo group having from 1 to 6 carbon atoms 
and an alkoxyl groip having from 1 to 6 cazbon atoms, 
R'*, R^ and R^ each Independently represents hydrogen atom, hydroa^l 
group, a halogen atom, carbamoyl group, an alkyl group having from 
1 to 6 cazbon atoms, an alkoscyl group having from 1 to 6 carbon atoms 
or an alkyl thlo group having from 1 to 6 caz±>on atoms, 

wherein the alkyl group among them may have one or more 
substltuents selected from the group consisting of l^droxyl, group, 
a halogen atom and an alkoxyl group havdLng from 1 to 6 carbon atoms, 
and 

R^ and R® each Independently represents hydrogen atom or an alJcyl group 
having from 1 to 6 carbon atoms) 

to react with a conpoumd represented by formula (III) : 




(III) 
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[n^ierein xi^ represents a halogen atxxn or hydrogen atocn, 
X* represen-ts a subs'tituent having a £amct±on as a leaving groi:^>, such 
as fluorine atom, chlorine atom, bromine atom, a substituted or 
unsxsbstltuted phenylsulf onyl gxavqp or a substituted or unsubstltuted 
alkylsulfoi^l groi:p having from 1 to 3 carbon atoms, 
Y represents hydrogen atom, phenyl groi:5>, aoetoxymetl^l grot^, 
plvaloyloxymethyl gro\:5>, ethoxycarbonyl groi:5>, choline groL^, 
diinethylamlnoethyl groi:^, 5-lndanyl groi:^^, phthalldlnyl grov^, 
5-al]<yl-2-oxo-l,3-dloxol-4^1inethyl groi:5>, 3-aaetoxy-2-oxobutyl 
groi:5>, an alkyl group having from 1 to 6 carbon atoms , an alkoacynoethyl 
group having from 2 to 7 carbon atoms or a phenylalkyl gzx>up composed 
of an alkylene group having from 1 to 6 cazbon atoms and phenyl grou^, 
or a boron-contalnlng sxobstltuent represented by formula (IV) : 

-B(Y^)y^ (IV) 

— (v^iereln each of and Y^ represents fluorine atom or an 

alkylcaidDonyloxy groi:5> having from 2 to 4 carbon atoms) , 

represents an alkyl group having from 1 to 6 carbon atoms , an alkenyl 
group having from 2 to 6 carbon atoms, a halogenoalkyl group having 
from 1 to 6 carbon atoms , a cyclic alkyl groi:^ having from 3 to 6 carbon 
ato m s which may have a substltuent, an aryl gjcoup which may have a 
sidDstltuent, a he teroaryl group i^^ilch may have a substltuent, analkoxyl 
group having from 1 to 6 carbon atoms or an al]cylacalno groip having 
from 1 to 6 carbon atoms, 

represents hydrogen atom or an alkyl thlo gxaup having 1 to 6 carbon 
atoms, 

v^ereln and the aforementioned R^ may be integrated to form 
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a ring structure by inc3orporating a part of the mother skeleton, and 
the thus formed ring may contain sulfur atom as a ring-oonstituent 
atom, and the ring may also have an aUcyl grot^) having from 1 to 6 
carbon atoms as a substituent, 

represents hydrogen atom, amino groi:^, Ixydroxyl group, thiol groxip, 
a halogenomethyl groi:^, an alkyl group having from 1 to 6 cazbon atoms , 
an alkenyl groxip having from 2 to 6 carbon atoms, an alkyiryl group 
having from 2 to 6 narhon atoms or an alkoacyl grov^ having 1 to 6 carbon 
atoms, 

wh ere i n the amino grovqp may have one or two subs ti tuents selected 
from the group consisting of fozmyl group, an alkyl grov^ having from 

1 to 6 carbon atoms and an acyl group having from 2 to 6 asubon atoms , 

when r"^ is amino groL^j, hydroxyl group or thiol group, they 
may be protected with a protective groi:^, 
--A^ represents-nitrogen atom-or a partial -^structure ^represented,by _ 
formula (II) : 

(vdierein represents hydrogen atom, amino group, a halogen atom, 
cyanogrov^), a halogenomethyl grorap, ahalogenoroethoxyl groi:^), an alkyl 
grot^ having from 1 to 6 carbon atoms, an alkenyl grox:5> havdLng from 

2 to 6 carbon atoms, an aU^^yl group having from 2 to 6 carbon atoms 
or an aIko3«yl groa:qp having from 1 to 6 carbon atoms, 

wherein the amino groT:^^ among themmay have one or two sxabsti tuents 
selected from the gi:x>\:5> consisting of formyl group, an all^l group 
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having fxxm 1 to 6 carbon atonis and an acyl grofvqp having from 2 to 
5 carbon atcms, and 

and the aforementioned may be integrated to form a ring 
structure by incorporating a part of the mother sJceleton, and the thus 
formed ring may contain oxygen atom, nitrogen atom or sulfur atcxa as 
a ring-constituent atom, and the ring may also have an alkyl grovp 
having from 1 to 6 carbon atoms as a substituent) ] , 
or with a compound represented by formula - (V) : 



R^^ O 




(vrfierein , X* ,^ -R^?l,.R^,^ A- and Y-are.as^def ined in„the_f oregoing)., 
in the presence of a base and further carrying out deprotection as 
occasion demands. 

(Mode for Carrying Out the Invention) 

The substituents of the ccnpound of the invention zrepresented 
by formula (I) are described. 

The substituent R"'' is an aromatic group (an aromatic substituent) . 
The compound of the invention is characterized in that an aromatic 
siabstituent is present at this position. This aromatic substituent 
may be either a hydrocarbon gravqp (an aryl groiip) or a heterocyclic 
group (a heteroaryl groi:5>) . In the case of a hydrocai±>on group, it 
may be either monocyclic or bicyclic • In the case of a heterocyclic 
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group, it may also be either monocyclic or bicyclic. In the case of 
a monocyclic heterocyclic group, it is a five-manbered ring or 
six-mesnbered ring, and in the case of a bicyclic heterocyclic groi:^), 
it is a benzo-fused ring system or other than that and a 6-5 fused 
ring system or a 6-6 fused ring system can be exemplified. Also, in 
the ceise of the heterocyclic system, the hetero atom to be contained 
is from 1 to 4 optionally selected from nitrogen atom, oxygen atcm 
and sulfur atom. 

That is, the substituent is an aromatic substituent such 
as an aryl group having from 6 to 10 narhon atoms or a heteroaryl group • 
In this case, the heteroaryl group is a five-meoobered ring or 
a six-membe r ed ring and may contain from 1 to 4 hetero atoms optionally 
selected from nitrogen atom, oxygen atom and sxalfur atom. 

These aryl gxcfvqp and heteroaryl group may have one or more 
^substituents selected from^the group consisting, of a halogen atom, - 
txydroxyl- group, thiol group, amino groi:5>, nitro group, cyano groiqj, 
carboscyl grot^), carbamoyl group, pher^l group, an alkyl group having 
from 1 to 6 carbon atoms, an alkoxyl groi:5> having from 1 to 6 carbon 
atoms, an alkyl thio groi:^^ having from 1 to 6 carbon atoms, an 
alkoxycarbonyl group having from 2 to 6 carbon atoms , an acyl group 
having from 2 to 5 carbon atoms and a heterociryl group (a f ive-maribered 
ring or a six-menibered ring, which contadLns from 1 to 4 hetero atoms 
optionally selected from nitrogen atom, oaq^gen atom and sulfur atom) . 

The alkyl grovqp , alkoxyl groi:^, alkyl thio group , alkoxycarbonyl 
group, acyl groxip, phenyl grou^) and heteroaryl grov^j as STjbstituents 
on the aryl groi:^? or heteroaryl gror^s may have one or more substituents 
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selected from the groi:^> consisting of a halogen atom, l^droxyl gro\;5>, 
an alkoxyl group having from 1 to 6 carbon atoms and an aU^lthio grot^) 
having from 1 to 6 carbon atoms. 

Also, the amin o group may have one or two siibstituents selected 
from the grov^j consisting of fonnyl grotip, an alkyl groiip having from 
1 to 6 narh on atoms, an acyl group having from 2 to 5 caidDon atoois 
and an alkoxycarbonyl gxxyvqp having from 2 to 5 carbon atoms. 

As the aryl groiip havdjig from 6 to 10 carbon atoms as the aromatic 
substituent, phenyl groiip, pentaleryl grot^), n^hthyl group, azialenyl 
group and the liJce can be exemplified, of ^diich phenyl groxq> , 1-n^htl^l 
group and 2-n^hthyl groi:p are preferred. 

As the heteroaryl group of a f ive^m embft-rfyl ring oy a a-i y^frwamV^oT^ 
ring vdiich contains from 1 to 4 hetero atoms optionally selected from 
nitrogenatom, oxygen atom and sulfur atom, as the aromatic substituent, 
fxirylgroi^, thieryl grov^, pyrrolyl group , oxazolyl group , isoxazolyl 
grot^j, thiazolyl group, isothiazolyl grcfup, imidazolyl gxroup, 
pyrazolyl grot5>, furazairyl groi:^, pyridyl gixyup, pyraziiyl group, 
pyrimidyl group, pyridaziiyl groi:5>7 triazinyl grou5>, tetraziiyl groxip 
and the IdLke can be exenplif ied. Preferred among them include 2-furyl 
group, 3-furyl group, 2-thienyl gror^s, 3-thienyl grouqp, 2-oxazolyl 
groi^, 2 -thiazolyl group, 2 -imidazolyl groiip, 2-pyridyl groL^, 

3- pyridjflgroi^, 4-Tpyridyl group, 2-pyrazinylgroup, 2-pyrimidylgroi:p, 

4- pyrimidyl grovqp , 5-pyrimidyl groi:^) and S-pyridazinyl grov5> . As more 
preferred exanples, 2-f\iryl group, 3-furyl groi^>, 2-thienyl groi:5>, 
2-oxazolyl group, 2-thiazolyl groiip, 2 -imidazolyl group, 2-pyridyl 
groiip and 4-pyridyl groi:^^ can be cited. 
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The s\3bstltxient on the rings of these aryl grov5> and heteroaryl 
grcfvp may be selected from the grotqp consisting of a halogen atom, 
hydroxyl grov5>, thiol group, amino groi5>, nitro group, cyano group, 
caiix^xyl group, carbamoyl grovqp, phei^l grot^j, an allq^l grotqp having 
from 1 to 6 carbon atoms , an alkoa^l groi:5> having from 1 to 6 carbon 
atoms, an aUcylthio grovqp having from 1 to 6 carbon atoms, an 
alkoxycarbonyl groiip having from 2 to 6 carbon atoms, an acyl grou^j 
having from 2 to 5 carbon atoms and a heteroaryl grotp (this heteroaryl 
grov5> is a five-membered rdlng or a six-membered ring, whidi contains 
from 1 to 4 hetero atoms optionally selected from nitrogen atom, oxygen 
atom and sulfur atom) . Among these groups, an cJJcyl grou^j, an alkoxyl 
groi:^), analkylthiogrou^), a halogen atom, hydroxyl grot^), amino groip, 
caxbamoylgrooip , an alkoxycarbonyl groxjpandphenyl group ar^ 
and an alkyl groi:5>, an alkoxyl grot^), an alkylthio group, a halogen 
atdoa, hydrbaqfl grovp and amino group are particulsurly preferred 
substituents . 

The substituted aryl grouip and substituted heteroaryl group 
as a case in vAiich an alkyl group, an alkoxyl group^ an alkylthio group , 
a halogen atom, l^droxyl group cuid amino group are preferred as the 
substituents on the ring of the aryl group and heteroaryl group are 
described. 

When the aryl group and heteroaryl group have an aUcyl group 
as a substituent, the alkyl group may be either straight or branched 
group having from 1 to 6 carbon atoms, and its preferred exanples include 
methyl group, ethyl group, normal propyl group and isopropyl group. 

When the alkyl group has a halogen atom as a substituent, the 
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alkyl grcn5> may be either straight or branched form having from 1 to 
6 carbon atcms, and fluorine atom is desirable as the substituting 
halogen atom. With regard to the number of fluorine atoms, it may 
be any one of from mono-substitution to perf luoro substitution . Its 
e x a m ples include monofluorometl^l group, difluoromethyl group, 
trifluorometl^l groi:p, 2,2 ,2-trifluoroetlvl group and the like. 

When the alkyl grovqp further has hydr oxyl group as a subs ti tuen t , 
the alkyl group may be either straight or branched f oim having from 
1 to 6 carbon atoms. Though the st±>stituting position of l^droacyl 
group is not particula r ly limited, it may preferably be substituted 
on the terminal carbon atom of the al]^l groip. As the allcyl groip 
havingl^fdro3cyl group , those v^ch have up to 3 carbon atoms are desirable , 
andhydroxymetl^lgroxp, 2-hydroxyethylgrot?>, 2-liYdtcoxypTop^l group, 
S-hydroxyprapyl group and the like are preferable. 

When the alkyl group further has an alkoxyl group as a subs tit^^ 
the al]cyl group may be either straight or branched form having from 
1 to 6 carbon atoms, and the substituting alkoxyl group may also be 
either s traight or branched form having from 1 to 6 carbon atoms . Thouigh 
the substitutingposition of alkoxyl group is not particularly limited, 
it may preferably be substituted on the i-*^-rm-iTiai carbon atom of the 
alkyl groip. An alkoxymethyl group, an alkoacyethyl group and an 
alkoxypropyl group are desirable as the alkyl group having an alkoxyl 
group, and the alkoa^l group may preferably have up to 3 Ccoix^n atoms . 
More preferred exanples include methoxymethyl group, ethoxytnethyl 
group and methoxyethyl group. 

When the alkyl group further hsis an aUcylthio group as a 
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substituent, the alkyl grovp may be either straight or branched form 
having from 1 to 6 carbon atoms, and the substituting alkylthio grot5> 
may also be either strad-ght or branched form having from 1 to 6 carbon 
atoms . Though the substituting position of alkylthio group is not 
particularly limited , it may preferably be substituted on the terminal 
carbon atom of the al3cyl group. An alkyl thiocaethyl groi:^), an 
alkylthioethyl group and an alkylthiopropyl group are desirable as 
the alkyl group having an alkylthio grouf), and the eJJcylthio group 
m^ preferably have from 1 to 3 carbon atoms . More preferred exanples 
include methyl thiomethyl grov^j, etlylthiomsthyl groi:5> and 
methylthioethyl grovqp. 

In the aforementioned aryl grovip and heteroaryl grovp having 
an "alkyl group iidiich may have a substituent" as a substituent, the 
mi m b er of the alkyl groi:^s may be any one of from mono-substitution 
— ^to-peralkyl- substitution .- When -^two or-more.alkyl. groi:5>s are present ,^ 
they may be the same or different from one another. As the aUcyl 
substitution, mono-, di- or tri-substitution is suitable. 

When the aryl group and heteroaryl group have an alkoxyl group 
as a subs tituent , this alkoxy^l grot5> may be either straight or branched 
group having from 1 to 6 carbon atoms, and its preferred exanples include 
methoxy group and ethoxy group. 

When the alkoar^l groo:^ further has ahalogen atcmas a sxabs tituent , 
the alkoxyl gmup may be either straight or branched form having from 
1 to 6 carbon atoms , and fluorine atom is desirable as the substituting 
halogen atom. With regard to the number of fluorine atoms, it may 
be any one of from mono-substitution to perfluoro sxibstitution . Its 



exaxnples include monofluorcnQethoacyl group, difluoixinethoxyl group ^ 
trifluorcmethoscyl gravqp, 2,2,2-trifluoroetl^l groi?> and the like. 

When the alkos^l group further has hydr oxyl gxavqp as a srabs ti tuen t , 
the alkoacyl grov^) may be either straight or branched form having from 
1 to 6 carbon atoms. Though the substituting position of l^droxyl 
group is not particularly limited, it may preferably be substituted 
on the t ermin al carbon atom of the alkoxyl group . As the alkoxyl grovip 
having hydroxyl group, those which have xip to 3 carbon atoms are desirable, 
and l-hydrQxyetho3cyl groi:5>, 2-hydroxyetho3cyl group, 
2-lrifdro3cypropoxyl groi:^?, 3-l^droxypropoxyl groi:5> and the like are 
preferable . 

mien the alkoxyl grou^ further has an alkoxyl grovp as a 
substituent , the alkoxyl group may be either straight or branched form 
having from 1 to 6 carbon atoms, and the svibstituting alkoxyl grox:5> 
may also be either straight^or^branched form having from 1. to -6 carbon _ 
atoms. Though the substituting position of alko^l grot:^ is not 
particularly limited, it may preferably be substituted on the terminal 
carbon atom of the alkosqfl groi^>. An alko3q|^metfayl groi^, ah 
alkoxyethoxyl group is desirable as the alkoxyl groi:^ having an alkoxyl 
group, and the alkoxyl group may preferably have up to 3 carbon atoms . 
More preferred exanples include 2-iaQthoxyethoxyl group and 
2-ethoxyetho3cyl gro u p . 

When the alkoxyl garov^j further has an alkylthio grovqp as a 
stabstituent , the alkoxyl grou^j may be either straight or brcuiched form 
having from 1 to 6 carbon atoms , and the substituting alkylthio groiip 
may also be either straight or branched form having from 1 to 6 carbon 
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atoms. Thotigh the stibstitutlng position of alkylthio grovp is not 
particu lar ly limited, it may preferably be sxibstituted on the terminal 
carb on atan of the alkoxyl groi^). An aUcylthioethoa^l groi:^ is 
desi r able as the alkosc/l group having an alkylthio grov5>, and the 
al3«ylthio group may preferably have from 1 to 3 carbon atoms . More 
pr efer red exanoples include 2-metl^lthioethoxyl grotqp and 
2-etl^lthioethoxyl group. 

In the aforementioned aryl group and heteroaryl group having 
an "alkoxyl group which may have a substituent" as a substituent, the 
nuniber of the alkos^l groups may be aiiy one of from mono-substitution 
toperalko3cyl substitution . When two or more alkoxyl groups arepresent , 
they may be the same or different from one another. As the alkoxyl 
substitution, mono-, di- or tri-substitution is suitable. 

When the aryl group and heteroaryl group have an alkylthio group 
as a substituent , the alkylthio group may be either straight or br s mc ihed 
group having from 1 to 6 carbon atoms, and its preferred examples dLnclude 
methylthio group and etl^lthio group . 

When the alkylthio group has a halogen atom as a substituent, 
the alkylthio group may be either straight or branched form having 
f 2X3m 1 to 6 carbon atoms , and fluorine atom is desirable as the halogen 
atom . With regard to the number of fluorine atoms , it may be any one 
of from mono-substitution to perfluoro substitution. Its exanples 
include monofluoromethylthio group, difluororoethylthio group, 
trifluoromethylthio group, 2 ,2,2-trifluoroethylthio group and the 
like. 

When the al3cylthio group fiirther has hydro3^1 group as a 
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substltuent, the alkylthio group may be either straight or branched 
f ozm having from 1 to 6 carbon atoms . Though the sxabs tituting position 
of hydroacyl grovtp is not pairticularly limited, it may preferably be 
substituted on the t erm i n al carbon atom of the alkylthio group. As 
the allcylthio groiip having hydroxyl group, those v^hich have to 3 
carbon atoms aoo^ desirable, and l^droxymethylthio gfraup, 

1- l^droxyethylthio groi5>, 2-l^dro3c^tl:^lthio group, 

2- hydro3cyprGpYlthio group , 3-hydro3cypropylthio grovqp and the like are 
preferable. 

When the alkylthio grotp further has an alkoxyl grou5> as a 
Slabs tituent, the alkylthio group may be either straight or branched 
form having from 1 to 6 carbon atoms, and the substituting alkoxyl 
group may also be either straight or branched form having from 1 to 
6 carbon atoms. Though the substituting position of alkoacyl group 
is not,particularly,lij^ it may pref er^ly be svd^stituted on the 
t erm i n al carbon atom of the alkylthio group . An alkoxyethylthio group , 
an aJJcoxyethyl group and an alkoxypropyl group is desirable as the 
al]«ylthio group having an aJJcoxyl group, and the alkoxyl group may 
preferably have up to 3 oarhon atoms . More preferred exanples include 
2-methoxyethylthio group and 2-ethoxyethylthio group. 

When the aUcylthio group further has an alkylthio group as a 
substituent, the alkylthio group may be either straight or branched 
form having from 1 to 6 ca rb on atoms, and the substituting allcylthio 
group may also be either straight or branched form having from 1 to 
6 carbon ato m s . Though the substituting position of alkylthio group 
is not particularly limited, it may preferably be substituted on the 
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terminal caxbon atom of the all^lthio group. An alkylthioethylthio 
group is desirable as the aUcylthxo group having an alkylthio groi:5>, 
and the alJcylthio grou^) may preferably have from 1 to 3 carbon atoms . 
More preferred examples include 2-metlvlthioetlylthio grox:5> and 
2-ethylthioetl^lthio group. 

In such an aryl group or heteroaryl grotp having an "alkylthio 
groiip Tf^cih may have a siabstituent" as a substituent, the number of 
the alkylthio groups may be ai^ one of from mono-substitution to 
peralkylthio substitution. When two or more alkylthio groups are 
present, they may be the same or different from one another. As the 
al]cylthio substitution, mono-substitution is suitable. 

When the aryl group and heteroaryl group have a halogen atom 
as a substituent, fluorine atom, chlorine atom and bromine atom are 
desirable as the halogen atom . Fluorine atom is particularly desirable , 
and the nuiriber of fluorine atoms in that case may be any one of frqea 
mono-substitution to perfluoro substitution. 

Its exanples include 2 -fluorophenyl group, 3-fluorophenyl group, 
4-fluorophenyl group, 2,4-difluorophenyl group, 2 , 5-dif luorophenyl 
group, 2 , 6-dif luorophenyl group, 3 , 4-dif luorophenyl group, 
3, 5-dif luorophenyl group, 2 , 4 , 6-trif luorophenyl group, 
3, 4, 5-trif luorophenyl group, 2 , 3 , 5 , 6-tetraf luorophenyl group, 
pentaf luorophenyl group, 4-fluoro-l-n^hthyl group, 
7-fluoro-l-n^hthyl group, 3-fluoro-2-pyridyl group, 
6-fluoro-2-pyrid7l group, 2 , 4 , 5 , 6-tetraf luoro-3-pyridyl group, 
2 , 3 , 5 , 6-tetraf luoro-4-pyridyl group and the like. 

When the aryl groip and heteroaryl group have hydroxyl group 
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as a sxjbstituent, an aryl grot5> sxabstituted with l^droar^l grotip is 
preferred, and a substituted phenyl grovqp is particularly preferred. 
For example, 2-hydroxypher^l groiqp, 3-hydroxyphenyl group, 
4-hydro3OT>l^^yl grov^), 2 , 4-dil^dro3cypher^l groi:^> and the like can be 
cited. 

When the aryl grovrp and heteroaryl groi:^> have amino group as 
a substituent, an amino-substituted aryl group is preferred, and an 
amino-substituted phez^l group is particularly preferred- The amino 
group of this case may have 1 or 2 substituents selected f rem the grov5> 
consisting of fonnyl groi:^), an alkyl grot5> having from 1 to 6 carbon 
atcms , an acylgroi:^) having frcm 2 to 5 carbon atoms and an alkoxycarbonyl 
groi:5> having f rem 2 to 5 carbon atoms , and amonoalkylamino-substituted 
phenyl gixn:^), adiaUcylamino-substitutedphei^l group (theaU^lgroiips 
of this case may be the same or different from each other) and an 
acylamino-substituted phexxyl group are preferable 

2-Aminophenylgroi:55, 3- ami n ophenyl group , 4-aminophenylgroi:qp, 
2-methylaminopherxyl grou^j, 4-metl^laminqphenyl groi:5>, 
2-dimethylaminophenyl grovq[>, 4-diinethylaminophenyl group, 
4-aoetoxyaminopher^l grotp and the like can be exemplified. 

When the aryl groi:^ and heteroaryl groi:^ have two or more 
sxibstituents , their ccxribination may be a combination optionally 
selected from the group consisting of a halogen atom, hydroxyl grotip, 
thiol groi:5>, amino grox:^, nitro groi:^, cyano group, carbo3yl groi:5>, 
carbamoyl groi:5>, phenyl groxip, an alkyl groi:^? having from 1 to 6 carbon 
atoms, an alkoxyl groiip having from 1 to 6 caa±>on atcms, an alkyl thio 
groL^j having from 1 to 6 carbon atoms , an alkoxycarbonyl grov^j having 



from 2 to 6 carbon atoms , an acyl groi:p having from 2 to 5 carbon atoms 
and a heteroaryl grotp (a f ±ve-membered ring or a six-xnanbered ring 
and contains from 1 to 4 hetero atoms optionally selected from nitrogen 
atom, oxygen atom and sulfur atom) , but it is desirable that one of 
them is selected from an alkyl groa:^^, an alko^ grovqp, a halogen atom, 
hydroxyl group and amino grou^. As the halogen atom, fluorine atom 
is particularly desirable. 

As e xam ples of the case in \rdiich the aryl grotp and heteroaryl 
group have two or more substituents , 2-fluoro-4-l^dro3cyphenyl groi5>, 
3-amino-4 , 6-dif luorophenyl group, 4 , 6-dif luoro-3-niethylaminopheriyl 
group, 2,6-difluoro-4-methoxyphei:yl groLgp, 4-fluoro-2-methylphenyl 
grcnjp , 4-hydroxy-3 , 5-dimsthylpher^l groLp, 

3 , 5-diinethyl-4-methoxyphenyl group , 6-ami no-3 , 5-dif luoro-2-pyridyl 
group, 5-c3iloro-6"iDethyl-4-pyri mi di nyl groi^ and the like canbe cited , 

In_this„connection, the carbon atom ,„ to_whicih_R^„is_bond»^ 

becomes an asYnraetric carbon to generate isomers , andall of such isomers 
are included in the invention. 

Also, >^en the substituent of is a (substituted) phenyl grot^J 
or a biaryl type (substituted) heteroaryl group of a five-menibered 
ring or a six-meniberedring conta in i ng f rom 1 to 4 hetero atoms optionally 
selected from nitrogen atom, oxygen atom and sulfur atom (the ^<=»y^ 
" (substituted) " means that it may have a substituent) , it generates 
iso mer s originated from cucial chirality, and all of such isomers are 
included in the dLnvention. 

The subs tituents andR^ each independently represents hyxirogen 
atom or an alkyl groi^) having from 1 to 6 carbon atoms , and the alkyl 
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group may have one or xnore substltuents selected from the grotqp 
consisting of hydroscyl group, a halogen atom, an alkylthio grocp having 
from 1 to 6 carbon atoms and an alkoaq^l group having from 1 to 6 CcudDon 
atoms . 

As the allcyl group, it may be either straight or branched group 
having from 1 to 6 cazbon atoms, and its preferred exazoples include 
methyl group, ethyl group, normal propyl group and isqpropyl group. 

When the alkyl group further has hydroxy 1 group as a substituent, 
the alkyl group may be either straight or brancihed form having from 
1 to 6 carbon atoms. Though the substituting position of l^droxyl 
group is not paorticularly limited, it may preferably be substituted 
on the terminal carbon atom of the al]cyl group. As the alkyl group 
having Ir/droxyl group , those wiiicih have up to 3 carbon atoms are desirable , 
andhydroxymetl^l group , 2-hydroxyethyl group , 2-lr^droxypropyl group , 
-3-hydro3OT>rppyl g3rGa:p-and-the-like-^ preferable 

When the alkyl group further has ahalogen atom as a substituent, 
the alkyl group may be either straight or branched form having from 
1 to 6 carbon atoms, and fluorine atxxn is desirable as the halbgeiT 
atom. With regard to the number of fluorine atoms, it may be any one 
of from mono-substitution to perfluoro substitution. Its exanples 
include monofluoromethyl group, difluoromethyl cpx>up, 
trifluoromethyl group, 2,2,2-trifluoroethyl group and the like. 

When the alJcyl group further has an alkylthio group as a 
substituent, the alkyl group may be either straight or branched form 
having from 1 to 6 carbon atoms , and the substituting al3qflthio group 
may also be either straight or branched form having from 1 to 6 carbon 
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atcms . Though the substituting position of allcylthio grov^ is not 
particularly limited, it may preferably be sxibstituted on the l-*^ym-in al 
caibon atcm of the alkyl group. An alkylthicmetlyl groi:5>, an 
alkylthioethyl group and an alkylthicprcpyl grov^) are desirable as 
the alkyl group having an alkylthio groi:5>, and the allcylthio group 
may preferably have fxxxa 1 to 3 carbon atoms . More preferred exan5)les 
include methylthicmethyl groi:5>, etl^lthiomethyl groiap and 
metlylthioetlYl grot^j. 

When the al3cyl groi:5> further has an alko3c/l group as a Slabs t^ 
the aUcyl group may be either straight or branched form having from 
1 to 6 carbon atcms , and the substituting alkoxyl groi:^ may also be 
eitherstraightorbranchedformhavingfroml to 6 carbon atoms . Though 
the substitutingposition of alkoxyl groiip is not particularly limited, 
it may preferably be substituted on the terminal carbon atom of the 
alkyl groi^ . An- alkoxymetlyl grov^), an alkoxyethyl_groi:5>_and_an . 
alkoxypropyl group are desirable as the al]^l grovip having an alkoxyl 
groi^, and the cJJcoxyl group may preferably have i:5> to 3 carbon atoms . 
More preferred exanples include methoxymethyl grot^), ethoxyinetl^l 
groi:^ and methoxyethyl 

R*, and R^ each dLndependently represents hydrogen atom, 
hydroxyl group, a halogen atom, cazi>ampyl group, an alkyl grov^) having 
from 1 to 6 carbon atoms , an alkoxyl grovqp having from 1 to 6 carbon 
atoms or an alkylthio grox:5> having from 1 to 6 carbon atoms, and the 
alkyl group among them may have one or more substituents selected from 
the group consisting of hydroxyl groi5>, a halogen atom and an alkoxyl 
groiip having from 1 to 6 carbon atoms . In addition, R^ andR^ integrated 



into a polyinethylene chadLn having from 3 to 6 carbon atoms (f oxxns a 
spiro-ring system together with pyinrolidine ring) , hydroxyimino group 
or an al]cylo3cyimino grou^ having from 1 to 6 carbon atoms. 

As the halogen atom, fluorine atom or chlorine atom is desirable . 

As the cLLkyl group, it may be either straight or branched groi:5> 
having from 1 to 6 carbon atoms, and its preferred examples include 
methyl group, ethyl group, normal proipyl grovp and isopropyl groi5>. 

As the alkoxyl groxip, it may be either straight or branched 
gro^p having from 1 to 6 carbon atoms, and its preferred exanples dlnclude 
methoxy groi:^ and ethoxy group. 

As the alkylthio grot^), it may be either straight or branched 
group having froml to 6 carbon atoms, and its preferred exanples include 
metl^lthio groi:^> and eti^lthio groi;^> . 

When hydroxyl groi:5> is present as a substituent on an alkyl 
group having from I to 6 carbon atoms, the alkyl^grotqp may^be eit^ 
straight or branched form. Though the substituting position of 
Iri^droxyl groi:5> is not particularly limited, it may preferably be 
substituted on the terminal carbon atom of the alkyl groi:^ , Preferred 
examples of the l^droxyl groi:5>-substituted alkyl group having from 
1 to 6 casdDon atoms include l^droxymethyl group, 2-lT/droxyetl:^l groi:5> 
and 3-hydroxypropyl grovp. 

As the halogen atom of an allc^l groi:5> having a halogen atom, 
fluorine and chlorine atoms are preferable, and fluorine atom is 
particularly preferable . The alkyl groi:^) may be either a straight 
or branched form. 

In the alkoxyl groi^j-containing alkyl group having from 1 to 
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6 carbon atxins , each of "the alJcyl group zno±et:i.es may be ei-liher a straight: 
or branched form, and an aUcos^xne'thyl group or an aUcos^e'thYl group 
is preferable. MethoxYme-bhyl grotp, ethoxymethyl groqp and 
2-metho3^ethyl group can be cited as more preferred examples. 

When the sxsbstituents and are integrated to form a 
polyroethylene chain, a ring of from three- to six-membered ring is 
nevrly added to the pyrrolidine ring to form a spiro-ring structure. 
As the size of the newly formed ring, a cyclopropyl ring or cycldbutyl 
ring having 2 or 3 carbon atoms is preferable. 

Also, when the substituents and R^ are integrated into an 
eJJcyloxyimino group represented by the following formula, 

=N-0-Alkyl 

the alkyl group may be either a straight or branched form. Preferred 
as the alkylos^imino group aremethoxyimino groi:p ande thos^imino group . 
— The subs tituents R-andR® each independently representsl^drogen. 

atom or an alkyl group having from 1 to 6 caxix^n atoms. As the alkyl 
group, it may be either a straight or branched group having from 1 
to 6 carbon atoms and is preferably methyl group, ethyl garoup, normal 
propyl group or isopropyl group . Acase in which each of them is l^drogen 
atom is desirable. 

Q is a partial structure represented by the following fonmila. 
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In this structural formula, and each Indegpendently 
represents nitrogen atcm or carbon atom, and A^ and A^ and the carbon 
atoms , to which they are bonded, are linked to form a partial structure 

>C=C (-A^) -N (-R®) - 

or a partial structure 



>N-C (-A^) =C (-R^) - . 



A fused heterocyclic system partial structure represented by 



the following formula 




,11 



X 



COOY 



1 „A 



n: 



10 



or the following fomttula 




1 1 



is pr efe rred sis the structure of Q. 
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The substxtuent R is an al]cyl grotp having f rem 1 to 6 caizbon 
atoms, an alker^l group having from 2 to 6 C2arfx>n atoms , a halogenoaDcyl 
group having from 1 to 6 carb on atoms , a cyclic allcyl grot^ having 
from 3 to 6 carb on atoms \f^iich may have a svibstituent, an aryl groi^> 
irriiicih may have a siibstituent, a heteroaryl groi^j v^iich may have a 
substituent, an alkoxyl grovrp having from 1 to 6 caxbon atoms or an 
alkylamino groi:^ having from 1 to 6 cajdx^n atoms. 

In this case, ethyl grot^ is particularly desirable as the alkyl 
group having from 1 to 6 carbon atoms. As the alkenyl grovqp having 
from 2 to 6 caxbon atoms , vinyl grou^ or 1 -i sopr openyl group i s desirable . 

2- Fluoroethyl gcoi:5> is desirable as the halogenoalkyl grov^j having 
f 3^om 1 to 6 carbon atoms . cydopropyl groi:^ is particularly desirable 
as the cyclic al3cyl grot^), and a halogen atom, particularly fluorine 
atom, is desirable as the substituent of the cyclic alkyl grot^). 

E xamp les of the aryl groiy wfaiilA may h^w^ miHg-h-i j-non-h -i n r^l nH^ 

phenyl or the like grox;^ whicih may have 1 to 3 substituents selected 
from the group consisting, for exanple, of fluorine atom, chlorine 
atom, bromine atom or the liJce halogen atom, hydroxyl groi:p, amino 
group, nitro groi:i>, an alkyl groi:^ having from 1 to 6 carbon atoms 
and an alkoa^l group having from 1 to 6 cazbon atoms , and its preferred 
examples include phenyl groojp, 2-fluorophenyl groi:^), 4-fluorophenyl 
group, 2 , 4-dif luorqphenyl grot^, 2-fluoTO-4-hydroxyphenyl groi:^, 

3- amino-4 , 6-dif luorophenyl gror^j and 

4 , 6-dif luoro-3-methylaminophenyl groi:^ . This aryl groi:^ may be the 
same as the aryl groa:5> of the substituent or different from it. 

The heteroaryl group is a conpound derived from a f ive-membered 
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or six-membered aromatic heterocyclic conpound vdilch contains one or 
more hetero atoms selected from nitrogen atom, oxygen atom and soiLfur 
atom. This heteroaryl group may be the same as the heteroaryl group 
of the substituent or different from it. As the heteroaryl grox:^) 
of the s-ubstituent R^, pyridyl group, pyrimidyl groi:5> and the like 
can be exemplified. As the substituent on these rings , an alkyl grov^j , 
a halogen atom or the like is desirable . Particularly preferred is 
6-amino-3,5-difluoro-2-pyridyl gravqp. 

Methoxyl grot^) is desirable as the alkoxyl group having from 
1 to 6 carbon atoms . Metl^lamino group is desirable as the alkylamino 
grot^ having from 1 to 6 carbon atoms. 

As the substituent R^, a cyclic alkyl grot^ or a 
halogenocycloal]cyl gro^jp is desirable. Among these grov5>s, 
cyclopropyl groiip or a 2-halogenocyclopropyl groi:p is desirable. As 

"the halbgim atxmy f luorine"atata~ is- ^™ . „ 

The substituent R^° represents hydrogen atom or an alkylthio 
groi^ having from 1 to 6 carbon atoms , or R^ and R^° may be integrated 
to form a hydrocarbon system ring structure by incorporating a part 
of the mother skeleton (namely by including the carbon atom to which 
R^*^ is bonded and A^) . The thus formed ring may contain sulfur atom 
as a constituent atom, and the ring may further have an eilkyl groxip 
having from 1 to 6 carbon atoms as a substituent. The ring to be formed 
herein may have a size of from f our-membered ring to sdLx-xoembered ring, 
and the ring may be saturated or tinsaturated . As the fused ring 
structure formed in this manner, the followdlng can be exemplified. 
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AlkyI or H CH^ 



OliesijbstitnaentX^isahalogenatcinorhydrogenat^ andfluorine 
atom is des ir able in the case of the halogen atom. Among these atoms , 
fluorine atom or hydrogen atom is desirable as the siabstituent , 

The substituent represents hydrogen atom, amino groi:5>, 
Iq^oxyl groT:5>, thiol gxxyup, a halogenometl^l groi:5>, an alkyl groiip 
having from 1 to 6 carb on atoms, an alkenyl groiip having from 2 to 
6 carbon atoms, an aUcyiryl grot:5> having from 2 to 6 carbon atoms or 
an alkoxyl group having from 1 to 6 carbon atoms, and the amino grou^j 
among them may have one or two subs tituents selected, fromjthe group 
consisting of formyl group, an alkyl group having from 1 to 6 carbon 
atoms and an acyl group having from 2 to 6 carbon atoms. 

As the alkyl grox^j, it may be either a straight or branched 
group having from 1 to 6 carbon atoms, and its preferred examples include 
methyl group, ethyl groi:5>, normal propyl groi:5> and isopropyl groi:^^. 
The alkenyl grovqp may be either a straight or branched groi:^^ havdLng 
from 2 to 6 carbon atoms and is preferably vinyl group . As the alkynyl 
groiip, it may be either a straight or branched grov^ having from 2 
to 6 carbon atoms and is preferably ethynyl groiip. Fluorine atom is 
particularly desirable as the halogen of the halogenomethyl grov^, 
and its number may be from 1 to 3 . The alkoxyl groiip may have from 
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1 to 6 carbon atoms and is preferably znetho3cyl groi:5>. 

Th& substituent is preferably Ir/drogen atom, an aJJcyl grox^) 
or amino grot^, of vAiich methyl group or "unsubstituted amino grot^) 
is preferred. 

When the substituent r"^ is amino group, hydroxyl groi:^> or thiol 
grov5>, they may be protected with ordinarily used protective groi:^s . 

Examples of such protective groups include tert-buto3cycarfx>nyl 
group, 2,2,2-trichloroetho3ycarbonylgroi:5>andthelike (siabstituted) 
alkoxycarbonyl grot^^s; benzyloxycarbonyl groL^, 

para-methox^3en2yloxycari»nyl group, para-nitrobenzyloxycarboryl 
group and the like (substituted) aralkyloa^carbonyl groi:^s; acetyl 
group , methoaqfaoetyl group , trif luoroacetyl groi^j , chloroacetyl grot5> , 
pivalcyl groi:5>, formyl grot5>, benzoyl groL^ and the IdLke (substituted) 
acyl groups; tert-butyl grovqp, benzyl cpcaap, para-nitrobenzyl group, 

para-methox;^3enzyl grov^, tripherylinBthyl groi:^> and the like 

(substituted) alkyl groi:^s or (sxabstituted) aralkyl groL5>s; 
methoaq^methyl grot5>, tert-butoxymethyl group, tetrahydropyranyl 
group, 2,2,2-trichloroethoxymethyl groi:^? and the like (substituted) 
ethers; and trimethylsilyl group, isoprGpyldinaBtl^lsilyl gro\3p, 
tert-butyldimethylsilyl group, tribenzylsilyl group, 
tert-butyldiphenylsilyl group and the like (alkyl and or 
aralkyl) -substituted silyl grou^js . Ccn^xaunds having substituents 
protected with these substituents are particulcirly desirable as 
intermediates for the production. 

When is a partial structure of the following formula (II) , 
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(II) 



3^ represen-bs hydrogen atom, amino gravqp, a halogen atom, oyano gxxyvqPf 
a halogenoroethyl groiqp , a halogencmethoxyl gxavqp , an al3cyl groiip havxng 
from 1 to 6 carb on ato m s, an alkenyl grovqp having from 2 to 6 carbon 
atoms , an aUcynyl groi:5> having from 2 to 6 carbon atoms or an alkoxyl 
group having from 1 to 6 carbon atoms, \diereln the amino group may 
have one or two substltuents selected from the group consisting of 
fojanyl group, an alkyl group having from 1 to 6 ca3dx>n atoms and an 
acyl groi:^ having from 2 to 5 carbon atoms. 

As the aUcyl groi:^). It may be either a straight or branched 
grotp having from 1 to 6 carbon atoms and Its preferred exanples Include 
methyl group, ethyl grou^), normal propyl groi:q> and Isopropyl grovp. 
The alkenyl groL5> may be either a straight or branched groT;qD having 
from 2 to 6 caadDon atoms-and is- preferably vinyl gro\:5>. The alkynyl^ 
group may be either a straight or branched group having from 2 to 6 
ca rb on atoms and Is preferably etl^nyl girotp. Fluorine atom Is 
pairtlcularly desirable as the halogen of the "halogenomethyl grovp, 
and Its nunober may be from 1 to 3 . As the alkoxyl group. It may have 
from 1 to 6 carbon atoms and Is preferably methoxyl group . Fluorine 
atom Is particularly desirable cis the halogen of the halogenomethostyl 
group, and Its nurriber may be from 1 to 3. 

Among these substltuents, an alkyl group or an alkoxyl group 
Is desirable . More preferred are methyl group and ethyl g2x>up , These 
are desirable substltuents particularly when Q Is a peurtlal structure 
shovm by the following formula. 

57 



In addition , this and the aforementioned may be integrated 
to form a hydroca rb on system ring structure (size of the ring may be 
from f our-membered ring to seven-meinbered ring , and it may be saturated 
or unsaturated) by incorporating a part of the mother skeleton (namely 
by including the carbon atom to iifhich 3^ is bonded and A^) , and the 
thus formed ring may contain oxygen atom, nitrogen atom or sulfur atom 
as a constituent atom, and the ring may also have an alkyl gxxyup having 
from 1 to 6 carbon atoms as a substituent. As the fused ring structure 
formed in this manner , the following -can be exaqplif ied. 




Among these fused ring systems. 
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2 , 3-dihydro-7-oxo-7H-pyrido [1,2, 3-de] [1 . 4] benzoxazine-6-cazix>xyli 
c acid-lO-yl group, particularly its 3-position (S) -anetlyl form, is 
desirable . 

As Q, a partial structure of the following formula 




is desirable . Also in this case, it is desirable that A^ is the partial 
structure of formula (II) . 

When Q is the partial structure described above and A^ is the 
partial structure of formula (II) , a preferred combination of r"^ and 
is a case in i^diich is amino group, hydrogen atota, l^droacyl grot5> 
or an alkyi groi:^^ having from 1 to 6 carbon atoms and-X? is-an- all^l 
groi^ having from 1 to 6 carbon atoms, an alkoxyl group having from 
1 to 6 carb on atoms, a halogenomethoxyl groi:5> or hydrogen atom. 

A more preferred coodbination is a case jLn \^ch r"^ is amino" 
group, hydrogen atom, l^droxyl group or methyl grovqp and is roett^l 
groi^, methoxyl giroi^), difluoixmethoxyl grotip or hydrogen atom. 

A most preferred ccnnbdLnation is a case in \^ch r"^ is amino 
group, hydrogen atom, hydroacyl group or methyl grot5> and X^ is methyl 
groiip or methoxyl group. 

For these r"^ and X^, fluorine atom is desirable as X^. 

When the substituents X^ and X^ are halogen atoms , fluorine atom 
is particularly preferable as X^, and fluorine atom or chlorine atom 
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is preferable as X^. 

WhenQ is apartial structure representedhy the following formula 




andA^ is the partial structure of formula (II) , a preferred combination 
of R^^ and is a case in which is amino groi:5>, hydrogen atom, 
Irj^droxyl graap or an aUc^l groa:5> having from 1 to 6 carbon atoms and 
X?^ is an alkyl group having from 1 to 6 carbon atoms , an al3coxyl groi:5> 
having from 1 to 6 carb on atoms, a halogenomethox^l grot^j or Ir^drogen 
atom. 

A more preferred is a case in^»^ch-R^ is amino 

groiip, hydrogen atom, hydroacyl group or methyl groi:^> and is methyl 
groLqp, methoxyl gjocnjp, difluoromethoxyl qxxyisp or ]:^drogen atom. 

A most preferred combination is a case in which r"^ is amino 
group, hydrogen atom, l^droacyl group or methyl groi:^? and is methyl 
group or methoxyl grov^. 

When the sxabstituents and xi^ are halogen atoms , fluorine atom 
is particularly preferable as X^, and fluorine atom or chlorine atom 
is preferable as Xp. 

Next, the halogenocyclopropyl g2X>L^ of R® is described. 

As the subs titu table halogen atom, fluorine atom and chlorine 
atom can be exenplified, of \diich fluorine atom is particularly 
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preferred. 

Regarding the steric environment at this moiety, it is 
particularly desirable that the halogen atcm and pyridonecarboa^lic 
acid moiety have cis-configuration on the cyclcpropane ring. 

So-called enanticxneric isomers are present due to the 
Gis-2 -halogenocyclopropyl moiety alone of , and strong antibacterial 
activity and high safety have been found in both iscroers. 

The compound of the invention shows excellent characteristics 
by having a pyrrolidinyl substituent of a structure shown below. 




In this substituent, the above four isomers are present based 
on the asymmetric carbon atom on the pyrrolidin rdLng to which the 
substituent -CH(-R^)N (-R^) -R^ and the sTobstituent R^ are bonded and 
an asymnoetric carbon atom to which R^ is bonded. 

On the other hand, structure activity correlation among f oiir 
optically active substances derived from steric configuration of the 
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7-position substi.'bueni: in a 

7- [3- (1-aminoetlryl) pyrrolidin-l-yl] quinolonecarbcMcylic acid 
derivative is described in r!ht:vn^ ry^^ q Fhaxmac&atlcal Bulletin, vol . 
42, p. 1442 (1994) . It described that 

3- (S)-[l-(R)-aminoethyl] pyrrolidin-l-yl groves has the most highest 
antibacterial activity among the four optically active substances. 
The present inventors have considered that 




was most desirable~among the four cptically-active-substances-having. 
the structures shown in the above. 

That is , the ccnipcund of the invention is cheuracterized in that 
the aroraatic grov^-sxabstituted aminoraetl^lpyrrolidine derivative 
represented by the formula (I) , salts thereof and hydrates thereof 
show broad and potent antibacterial activity i:^n Gram-negative 
bacteria and Gram-positive bacteria, and show potent antibacterial 
activity particularly upon resistant strains of Gram-positivebacteria 
including ME^SA, PE^P and VRE. 

Particularly, accnpoundrepresentedby the formula (I) in^^ch 
the aromatic groi:5>-substituted aminomethylpyrrolidine derivative 
having the aforementioned structure was introduced at the 10-position 
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of the 2,3-dihydro-3-{S)-inethyl-7-oxo-7H- 

Ryrido[l,2,3-de] [1.4]benzoxazine skeleton or the 7-position of the 
6-f luoro-1- [2- (S) -f luoro-1- (R) -cyclopxopyl] -1 , 4-dihydro-4-oxoquin 
oline skeleton having excellent safety, salts thereof and l^drates 
thereof showed broad and strong antibacterial activity yjpon both of 
Gr a m -negative bacteria and Gram-posltlve bau:terla Including drug 
resistant strains, which was not esq^ected before the Invention. 

When a con^xDund of formula (I) of the invention has a structure 
In if^ilch diastereccners are present, and when such a ccnnpound of the 
Invention Is ad m i n istered to human and animals, It Is desirable to 
administer a corapound t^^ilch comprises a single diastereoiner . The term 
"ccraprlses a single diasterecnier" as used herein means not only a case 
in ndilch It Is cooipletely free from the other dlastereocaer but also 
a case in v^ch It is In a chemically pure degree. In other words, 
it lis Interpretable that the other dlastereoaner may-be present-In such^ 
a degree that It does not exert influences vqpon physical constants 
and physiological activities of the conopound. 

Also, the term "stereochemically pure" as used herein means 
that, when a ccnpound or the like exists in a plursU-lty of iscmer forms 
due to the presence of asymmetric carbon atoms , the ccsnpound Is cooprlsed 
of only one of them . The term ^'pure" in this case can also be considered 
in the same manner as described above. 

The pyridonecarboxylic acid derivative of the Invention may 
be used either in its free form or as an acid addition salt or a salt 
of its carboxyl grov^j. Ebcamples of the acid addition salt include 
hydrochloride, sulfate, nitrate, hydrobromide, hydroiodide. 
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phosphate and the like Inorganic acid salts, or acetate, 
methanesiilfonate, benzenesiilfonate, toluenesulf onate , citrate, 
maleate, fumarate, lactate and the IdLke organic acid salts. 

The salt of cazix>xyl grovqp may be either an inorganic or an 
organic salt, and its examples include lithium salt, sodium salt, 
potassium salt and the like alkali metal salts , magnesium salt, r^^ir^imn 
salt and the like alkaline earth metal salts, anmonium salt, or 
triethYlamine salt, N-methylglucamine salt, 
tris- (hydroxylmetl^l) amincroethane salt and the IdLke. 

Also, these free form, acid addition salts and salts of carboxyl 
groxip of the conpound of the invention may be present as hydrates . 

On the other hand, a qiiinolone derivative whose carboa^lic acid 
moiety is an ester is useful as a synthesis intermediate or a prodrug. 
For example, alkyl esters, benzyl esters, alkoxyalkyl esters, 
phei^lalkyl esters and phez^l esters are useful as synthesis 

Also, the ester to be used as a prodrug is an ester ^^lich is 
easily h/drolyzed in the living body and forms free form of Ccudxjxylic 
acid, and its examples include aoetoxymethyl ester, pivaloyloxymethyl 
ester, ethoxycarbonyl ester, choline ester , dimeti^laminoetl^l ester, 
5-indanyl ester, phthalidinyl ester, and 

5-al]^l-2-oxo-l,3-dioxol-4-ylmethyl ester, 3-aGetoxy-2-oxobutyl 
eater or the like oxoalkyl ester. 

The cc3npound of the invention represented by the formula (I) 
can be produced by various methods, and, in a preferred exanple, it 
can be produced for exanple by allowing a compotmd represen tedby formula 
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(Ill) : 



P. 
Q 



3 




cooy' 

(III) 



[iidierein ±s a substituent v^ixch fvmctions as a leaving grot^j, such 
as fluorine a-bom, chlorine atom, bromine atom, substituted or 
unsiibstituted phenylsulf onyl grov^) or a si:ibstituted or unsubstituted 
alkylsulfonyl groL5> having from 1 to 3 carbon atoms, 

is the Y defined in the formula (I) or a boron-containing grot^ 
represented by formula (IV) : 
° "B(Y^)Y^ (IV) 

-(wherein each of y"^ and Y^ is fluorine atom or an al]<ylcarbonyloxy„ 
grou5> having from 2 to 4 carbon atoms) , and 
R^, R^°, R^, and are as defined in the formula (I)], 
or a cceipouhd represented by formula (V) : 




COOY 

(V) 



[vdierein X* is a sxabstituent n^iich ftanctions as a leaving groi:5>, such 
as fluorine atom, chlorine atom, bromine atom, substituted or 
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xmsidDstitxited phenylsulf onyl groiq> or a stibstltuted or unsubstituted 
alkylsulfonyl group having frcm 1 to 3 carbon atoms, and R^, R^°, R^, 
A^, and Y are as defined in the formula (I) ] 

to react with a ccoapo\and represented by the following formula (VI) 




(VI) 



[vAierein R^ is the same as the R^ defined in the formula (I) , and 
R^, R^, R^, R^, R^, r"' and R® are as defined in the formula (I) ] or an 
addition salt thereof. 

The reaction can be carried out using or without using a solvent . 
The solvent to be used in the reaction may be any solvent v^iich is 
inert undter J^e_reactiqn con its eaeampl^g jjr^r?! iirf<3> HjTnQ ^-Vtyi 

sulfoxide, pyridine, aoetonitrile , ethanol, chloroform, 
dimethylformamide, dimethylaoetamide , N-roetl^lpyirrolidone , 
tetrahydrofuran, rater and 3-TOetho3(ybutan or a mixture thereof , 

It is desirable to carry out the reaction in the presence of 
an acid ireceptor such as an inorganic base or an organic base, and 
its examples include an alkali metal or aUcaline earth metal carbonate 
or bicarbonate or triethylamine , pyridine , 1 , 8-diazabicycloundeoene , 
N,N-diisopropylethylamine or the like organic basic conpound. 

The reaction can be carried out generally at a temperature of 
frcmroomt€nperatureto200*'C, preferablyf rom25 tolSO^'C. Thereaction 
is carried out for a period of from 30 minutes to 48 hoiirs and conqpletes 
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generally after about 30 minutes to 2 hours. 

As the protective groiq> of an amino groi^) , itmay be any protective 
group generally used in this field, and its exanples include 
tert-butoxycarbonyl grot^j, 2,2,2-trichloroethoxycarbonyl group and 
the like ( substituted) alkoxycarbor^l groi:5>s ; benzyloa^carboi^l groiqs , 
para-methoxj^Denzyloxycarbonyl groi:5>, para-nitrdbenzyloxyca3±>onyl 
group and the like (substituted) aralkyloacycarbonyl grou^js; acetyl 
group , methoxyaoetyl groi:5> , trif luoroacetyl groi:^^ , chloroaoetyl groi:5> , 
pivaloyl groi^, fomyl groi:5>, benzoyl groi:^? and the like (substituted) 
acyl groups; tert-butyl grot^j, benzyl groxap, para-nitrobenzyl groi:qp, 
para-methox^Denzyl qroisp, tripherylmetl^l qraap and the lilce 
(substituted) allcyl groi^js or (siabstituted) aralkyl grov^js; 
methoxymeth^l group, tert-butoxymetl^l group, tetrahydrqpyranyl 
groxip, 2,2,2-trichloroetho3cymethyl group and the like (siabstituted) 

-ethers /-and-trimethylsilyl^grotqp,^ isoprqpyldiinethylsilyl_groi:5>„,_ ^ 

tert-butyldimethylsilyl groi:5>, tribenzylsilyl grov^), 
tert-butyldipheirylsilyl grotp and the like (alkyl and/or 
araUcyl) -substituted silyl grotqps . 

When each of Y and is an allcyl group having from 1 to 6 Cca±>on 
atoms, an alkoxymetl^l grou5> having from 2 to 7 carbon atoms or a 
phenylalkyl qraxip composed of an alJcylene qraap having from 1 to 6 
ca2±K>n atoms and phenyl group, it can be converted into a corresponding 
carboxylic acid by treating it under an acidic or basic condition w^ch 
is generally employed for the hydrolysis of carboacylic acid esters . 

When Y^ is a structure of the formula (IV) , its conversion into 
corresponding carboxylic acid can be effected by allowing the coopound 
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(Ill) or ccrapound (V) to react with the cx»poxand (VI) and then treating 
it under an acidic or basic condition. 

In addition, vdien de-protection is necessary, the ccnpound of 
interest represented by the formula (I) can be obtained by renjoving 
theprotectivegroi;5> tinder conditions s^tablef or theprotective group . 

The ccoopound of f orrmila (VI) can be producedby various methods, 
for exazople, it can be synthesized by a method shown in the reference 
exanples as a preferred example, though not particularly limited 
thereto. 

The ccoopound of formula (VI) can be formed by rsnoving Q' from 
a ccxcpound represented by the following formula 




[v^erein is the same as the defined in the formula (I) or represents 
a protective gravqp of an amino grpi:5>, R^, R^, R^, R^, r«, jC and R^ are 
as defined in the formula (I) , 

is a protective grot5> of an amino groups, 
vdierein the protective grou^ of an amino groi:^? may be selected from 
the grov5> consisting of a (substituted) alkoa^carboi^l grox]5>, a 
(substituted) aralkyloxycatbonyl group, a (substituted) acyl grovtp, 
a (substituted) alkyl gravqp, a (substituted) aralkyl grav^ and 
substituted silyl g3roi:5)s] . 
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The ccxBpound described above can be present as a salt thereof, 
a hydrate thereof or a J^drate of the salt. As exanples of the acid 
addition salt, an inorganic acid salt and an organic curLd salt can 
be cited . Their illustrative exanples include hydrochloride , sulfate , 
hydrobrcmide, l^droiodide, phosphate andthe like inorganic acid salts, 
or methanesulfonate, benzenesulf onate , toluenesulfonate (sulfonic 
acid salts) , acetate, citrate, maleate, fumarate, lactate (caiboxylic 
acid salts) and the like organic acid salts. 

When and Q' are protective groi^^s of an amino grav^, they 
may be the same or different from each other, but it is convenient 
for producing the compound (I) that each is cut off under different 
reaction conditions. 

As the and Q' i^diich are protective gxavpa of an amino group, 
the following can be exemplified. That is, they are a (siabstituted) 
alkoxyca rboiyl g rx^up, a (substituted) aralkyloxygarfaoryl ^groiy,^^ 
(substituted) aqylgroLqp, a (substituted) all^lgrov5>, a (siabstituted) 
aralkyl gicaap and svibstituted silyl groL^s . 

The illustrative examples thereof include tert-butoxyca3±K>hyr 
groi^, 2,2,2-trichloroethoxycarboixylgroi:5>andthelike (substituted) 
alko3cycaL2±)onyl groL5>s; benzyloxycaadx^nyl groi:^^, 

para-methoac^Denzyloxycarboi^l gravqp, para-nitrobenzyloxycaibonyl 
group and the like (svibstituted) aralkyloxycarboir^l groi:5>s; acetyl 
group , methoxyaoetyl grovqp , trif luoroacetyl groi:^ , chloroacetyl groi:^^ , 
pivaloyl group, f omyl grovqp, benzoyl grou^j and the like (substituted) 
acyl groups; tert-butyl groves, benzyl grov5>, para-nitrobenzyl groi:5>, 
para-methQx;^oenzyl groi^), triphenylmethyl groi:5> and the like 
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(sxabstituted) alJcyl groi^js or (stibstituted) aralkyl g2X>L5>s; 
xnethoxymethyl groi^, tert-butoxymetl^l group, tetrahydropyrar^l 
group, 2,2,2-trichloroethoxyinethyl grovqp and the like (stibstituted) 
ethers; and trimethylsilyl groi^), isopropyldimethylsilyl grot?>, 
tert-butyldimethylsilyl gravqp, tribenzylsilyl groi:^?, 
tert-bfutyldiphenylsilyl group and the like substituted silyl groi;^s . 

When the ccmpound (I) is producedusing the above ccnpound having 
Q' as a protective group, it is neoessary to Ccurry out the reaction 
by removing the protective groi:5> Q' . In that case, its reaction with 
the compound (III) or (V) may be carried out generally by one pot, 
or the reaction may be carried out after once isolating the conpound 
(VI) by removing the protective groi:^. 

Cis-2-fluorocyclopropylamine ccn^srised of a sdLngle iscraer, 
which is desirable for the synthesis of the ocnpoimd of fomula (I) 
conprised of a single isomer, can be synthesized for ^Kaiqple by. the. 
method described in JP-A-2 -231475 (the term " JP-A" as used herein means 
an ^hmexamined published Japanese patent ^aplication") , Synthesis 
of the compound of formula (I) comprised of a single isomer using the 
optically active cis-2-f luorocyclopropylamine derivative obtained in 
this manner as the material can be carried out in accordance with the 
method described for example in JP-A-2 -231475. 

Since the compoxmd of the invention has potent antibacterial 
actions , it can be used as medicaments for use in human bodies , animals 
and fishes or as preservatives of agricultural chCTiicails and food. 

When the compound of the invention is used as a medicament for 
humanbodies, its dose is within the range offrom50iiig to Ig, preferably 
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from 100 mg to 500 mg, per day per adult. 

Also, ±ts dose as animal use varies depending on the purpose 
of its administration (treatment or prevention) , kind and size of each 
animal to be treated and kind and degree of each infected pathogenic 
bacteriTim, but is vrithin the range of generally frcm 1 xng to 200 mg, 
preferably from 5 mg to 100 mg, per 1 kg body weight of each animal 
as a daily dose. 

The daily dose is administered onoe a day or by dividing it 
into 2 to 4 doses per day. As occasion demands, the daily dose may 
exceed the aforementioned range. 

Since the cooopound of the invention is active against a broad 
range of microorganisms ifdiich cause various infectious diseases , it 
can treat, prevent or alleviate diseases induced by these pathogens . 

As bact er ia or bacterioid microorganisms on vAiich the conopound 
j>fjtiie ijiyen t^ 

pyogems, hesnolytic streptococci, enteroooccus , pneumococcus , the 
genus Feptastireptococciis , Neisseria ganorxhoeae, Esdheridbla, coll, 
the genera atiicdbacter, the genus Shigella, KLebslella pne^ 
the genera Entexx^bacter , the genus Sterratxa, the genus Proteus, 
PseudoBJozias aeruginosa, ffo^amn p^f' ^tt.*? Inflxnenzae , the genus 
Ac i n etoZaacter, the genus Omjpylobacter, Chlan^dla. tzrachccaatls and the 
like can be exemplified. 

Also, as diseases vdiich are induced by these pathogens, 
folliculitis, furuncle, carbuncle, erysipela-s, phlegmon, 
lyitqphangitis , felon, stabcutaneous abscess, hidradenitis , acne 
congldbata, dLnfectious atheroma, p>erirectal abscess, mastitis, 
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siiperfi cial secondary infections after injxizy , bum injury, operative 
viound and the like, pharyngitis, acute bronchitis, tonsilitis, chronic 
bronchitis, bronchiectasis, diffuse bronchiolitis, secondary 
infection of chronic respiratory disease , pneumonia , pyelonephritis , 
cystitis, prostatitis, epididymitis, gonococcal xirethritis, 
nonspecific urethritis, cholecystitis, cholangitis, bacillary 
dysentery, enteritis, uterine adnexitis, intrauterine infection, 
bartholinitis , blepharitis , hordeolum, dacryocystitis , tarsadenitis , 
corneal iilcer, octitis media, sinusitis, periodentitis , pericoronitis , 
jaw infection, peritonitis, endocarditis, sepsis, meningitis, skin 
infection and the like can be exesnplified. 

It is also effective against various microorganisms which cause 
infectious diseases in animals, such as the genus Escherddbla, the 
genus Salmonella, the genus Petstemxlla, the genus Haemoplillus , the 
genus Borc2etel2a, the genus Staphylococcus , the genus Mycoplasma andi^ 
the like. 

Illustrative examples of such diseases include oolibacillosis , 
pullorum disease, avian paratyphoid, avian cholera, infectious coryza," 
st^hylococcosis , mycoplasma infection and the like in the case of 
birds, oolibacillosis, salmonellosis, pasteurellosis, haemophilus 
infection, atrophic rhdLnitis, exudative epidermis, mycoplasma 
infection and the like in the case of pigs, oolibacillosis, 
salmonellosis, hemorrhagic sepsis, mycoplasma infection, bovine 
pleuropnetamonia, bovine mastitis and the lilce in the case of cattle, 
colisepsis, salmonella infection , hemorrhagic sepsis , uterine en^sy^na, 
cystitis and the like in the case of dogs, and exudative pleurisy. 
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cystitis, chronic rhinitis, haeraophilus infection, kitten dicirrhea, 
nyoGplasma infection and the lilce in the case of cats. 

The antibacterial preparation which ccoprises the ccnpound of 
the invention can be prepared by selecting an ^spropriate preparation 
d^sending on each administration znethod and enoploying generally used 
various preparation methods, Pegarding the dosage form of the 
antibacterial preparation jfAiLdh uses the ccnopound of the dLnvention 
as itsprincipal agent, tablets , powders , graniiles , capsules , solutions , 
syrvps, elixirs, oily or aqueous suspensions and the like can be 
^xenplif iedcis oral preparations . Regarding injections , a stabilizing 
agent, an antiseptic agent and a solubilizing agent may be used in 
the preparation , or a solution which m^ contain these auxiliary agents 
may be contained in a container and made into a solid preparation by 
freeze-drying or the like means to be re-dissolved t^ien used. In 
add ition, a single dosemay be contained in a single container or multiple „ 
doses may be contained in the same container. 

Also, solutions, suspensions, emulsions, ointments ^ gels, 
creams, lotions, sprays and the like caai be exenplified as prepara^ 
for external use. 

Solid preparations may contain pharmaceutically acceptable 
additives together with the active compound and can be prepared for 
example by mixing the compound with additives optionally selected from 
fillers, extenders, binders, disintegrators, solubilization 
enhancing agents , moistening agents , lubricating agents and the like . 

As liquid preparations , solutions , suspensions , emulsions and 
the like can be exenplified, which may contain a suspending agent, 
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an e mu lsifying agent and the like as additives. 

Examples of the method for admi nistering the CGopotind of the 
invention to animals inciude amethodin which it is orally administered 
directly or by mixing it with feed, a method in *^ch it is Tn^d^ into 
a solution and then orally administered directly or by mixing it with 
drinking water or feed and a method in which it is administered by 
injection. As the pharmaceutical preparations for use in the 
administration of the coanpound of the invention to animsd-s, it can 
bemade optionally intopowders, finesubtilaes, soli±>le powders , syrups, 
solutions or injections ma3cing use of the techniques generally used 
in this field. 

Fozmulation examples of the pharmaceutical preparations are 
shown below. 

. Table ,1 



Formulation Exanple 1. (C^sules) : 

Osnqpoimd of Inventive Example 2 100 , 0 rog 

Com starch 23.0 mg 

CMC calcixmi 22.5 mg 

Hydroxymethyl cellulose 3.0 mg 

Magnesium stearate 1,5 mg 

Total 150.0 mg 



Formulation Example 2 . (Solutions) : 

Ccmpound of Inventive Example 2 1 - 10 g 
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Acetic acid or sodium hydroxide 0.5 - 2 g 

Ethyl para-lrydroxybenzoate 0,1 g 

PurdLfied water 88.9 - 98.4 q 

Total 100 g 



Fo rmu lation Example 3 . (Powders for feed mixing use) : 

CoBopound of Inventive Exaznple 2 1 - 10 g 

Com starch 98.5 - 89.5 g 

Light silicic anhydride 0^5 g 

Total 100 g 

BEST MODE FOR CSVRRyiNG OUT THE INVENTION 

The following describes the invention based on inventive 
exanples and reference exanples, though the invention is not limited 
thereto. 

[Reference Exazqple 1] 

N-Methyl-N-methox y-1- [1- (R) -phenylethyl] -5-oxopyrrolidine-3- (R) - 
carboxamide 

Under ice-cooling, oxalyl chloride (6.54 ml, 0.075 mol) and 
dimethylformamide (3 drops) were added to dichloromethane solution 
(200ml) of 1- [1- (R) -phenylethyl] -5-oxopyrrolidine-3- (R) -carix>xylic 
acid (11.66 g, 0.05 mol) and stirred overnight at rocam tenperature. 
After evaporation of the solvent under a reduced pressure, toluene 
(100 ml) was added and the solvent was again evaporated under a reduced 
pressure. The residue was mixed with dichlororaethane (200 ml) and 
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N^O-meliiyll^droxylamine Irydrochloride (5.47 g, 0.055 inol) , and a 
didhlorGonethane solution (50ml) of trietlylamine (17,4ml, 0.125mol) 
was added drcpwise to the mixture v^ch was stirred under ioe-cooling, 
spending 15 minutes . This was stirred at ioe-cxx5ling for 30 minutes 
and then stirred at room tenperature for 3 hours , The reaction solution 
was washed with 10% citric acid aqueous solution (100 ml) , water (100 
ml) and saturated sodium bicaiix>nate aqueous solution (100 ml) in that 
order and then dried over anl^drous sodium sulfate. The solvent was 
evaporated under a reduced pressure and the resulting residue was 
applied to a silica gel column chrcroatogr^hy. By eluting with a 
chloroform rmethanol system of from (50:1) to (20:1), 11.32 g (82%) 
of the title cooopound was obtained as a brown oil. 

^H-NMR (400 MHz, CDCI3) 5: 1.54 (3 H, d, J= 6.84 Hz), 2.65 (1 H, dd, 
J = 9.77, 7.09 Hz) , 2.77 (1 H, dd, J = 8.79, 7.09 Hz) , 3.12 - 3.18 
(1 H, m) , 3.20 (3 H, s) , 3.37 - 3.48 (1 H, m) , 3.55 - 3.64 (1 H,-m) , 
3.65 (3 H, s), 5.50 (1 H, q, J = 6.84 Hz), 7.28 - 7.37(5 H, m) . 
[Reference Example 2] 

4- (R) -Phenylcarbonyl-1- [1- (R) -phenylethyl] -2-pyrrolidone 

In an atmosphere of nitrogen, phenylmagnesiimi brcxnide (3 mol/1 
diethyl ether solution, 15 ml) was added dropwise to tetrahydrofuran 
solution (50 ml) of N-methyl-N-methoxy-l- [1- (R) -phenyletl^l] -5- 
oxopyrrolidine-3- (R) -caxboxamide (2 . 49 g, 9.0 mmol) , and the mixture 
was stirred at rocm temperature for 30 minutes . The reaction solution 
was mixed with 1 mol/1 hydrochloric acid (50 ml) \mder ice-cooling 
and then extracted with ethyl acetate (8 ml x 2) . The organic layer 
was washed with saturated brine (100 ml) and then dried over anhydrous 
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scxiiim sulfate- The solvent was ev^x>rated under a reduced pressure 
and the resulting residue was applied to a silica gel column 
cdiroraatography. By eluting with n-hexane : ethyl acetate (1:1) , 2.36 
g (89%) of the title corapound was obtained as a light yellow oil. 
^H-NMR (400 MHz, CDCI3) 5: 1.55 (3 H, d, J = 6.83 Hz) , 2.79 (1 H, dd, 
J = 17,09, 9.77 Hz) , 2,81 (1 H, dd, J = 17.09, 7.81 Hz) , 3.23 (1 H, 
dd, J= 9.76, 8.79 Hz), 3.71 (1 H, dd, J= 9.76, 6,35 Hz) , 3.97 - 4.05 
(1 H, m) , 5.54 (1 H, q, J = 6.83 Hz) , 7.27 - 7.38 (5 H, m) , 7.42 - 
7.50 (2 H, m), 7.55 - 7.61 (1 H, m) , 7,88 - 7.90 (2 H, m) . 
[Reference Example 3] 

4- (R) - [1-Hydroxy-l-phenylmethyl] -1- [1- (R) -phenylethyl] -2- 
pyrrolidone [Fl] , [F2] 

Iftider ice-cooling, sodixm borol^dride (280 mg) was added to 
anhydrous ethanol (40 ml) solution of 

4- (R) -pheivlcaa±>oiiyl-l- [1- (R) -pherryleth^ 17 - 

7.40 mmol) , and the mixture was stirred at the same tenperature for 
1 hour. The reaction solution was mixed with 10% citric acid (50 ml) 
under ice-cooling and then ethanol was ev:^>orated under a reduced 
pressure. The residue was extracted with chloroform (80 ml x 2) , and 
the organic layer was washed with saturated brine (100 ml) and then 
dried over anhydrous sodium sulfate , The solvent was evc^rated under 
a reduced pressure and the resulting residue was applied to a silica 
gel column chromatogr^hy . By eluting with n-hexane: ethyl acetate 
(1:3) to ethyl acetate (100%) , 892 mg (41%) of the low polarity title 
compound [Fl] and then 1.163 g (53%) of the high polarity title compound 
[F2] were respectively obtained each as a light yellow oil. 
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[Fl]; 

^H-NMR (400 MHz, CDCI3) 5: 1.46 (3 H, d, J = 6.84 Hz), 2.03 - 2.14 
(2 H, m) , 2.44 - 2.54 (1 H, m) , 3.05 - 3.09 (1 H, m) , 3.36 - 3.40 (1 
H, m), 3.47 (1 H, brs) , 4.45 (1 H, d, J = 7.81 Hz), 5.38 (IH, q, J 
= 6.84 Hz), 7.22 - 7.31 (10 H, m) . 
[F2]; 

^-NMR (400 MHz, CDCI3) 5: 1.37 (3 H, d, J = 7.32 Hz), 2.26 - 2.32 
(1 H, m), 2.40 - 2.55 (2 H, m) , 2.73 - 2.77 (1 H, m) , 3.00 - 3.04 (1 
H, m), 4.32 (1 H, brs), 4.42 (1 H, d, J = 6.8 Hz), 5.33 (1 H, q, J 
= 7.32 Hz), 7.15 - 7.27 (10 H, m) . 
[Referenoe Example 4] 

4- (R) - [l-Azido-l-phenylmethyl] -1- [1- (R) -rahenylethyl] -2- 
pyrrolidone [Fl] , [F2] 

Iftider icje-cooling, triethylamine (0.46ml) andmethanesulfonyl 
- chloride .(217-Ml , 2 . 80 mmol) were added to dichloromethane- (10 ml) 
solution of 4-(R)-[l-hydraxy-l-phenylmethyl]-l-[l-(R)- 
phenylethyl] -2-pyrrolidone [Fl] (738 mg, 2 .50 mmol) , and the mixture 
was stirred at the same ten^ierature for 1 hour . The reaction solution 
was mixed with 10% citric acid (20 ml) under ice-cooling and extracted 
with chloroform (30mlx2) . The organic layer was washed with saturated 
brine (100ml) and then driedover anhydrous sodium sulfate. Thesolvent 
was evirated under a reduced pressure, and the resulting residue 
wasdissolvedinN,N-dimethylformamide (10 ml) , mixed with sodium azide 
(488 mg, 7.50 mmol) and then heated at 60°C for 1.5 hours. After 
spontaneous cooling, the reaction solution was mixed with water (50 
ml) and extracted with ethyl acetate (70 ml x 3) , and the organic layer 
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was washed with saturated brine (150 ml) and then dried over anl^drous 
soditam sulfate. The solvent was ev^xsrated under a reduced pressure 
and the resulting residue was applied to a silica gel column 
chrcmatogr^^y. By eluting with n-hexane : ethyl acetate (3:2) , 701 
mg (87%) of the title coonpound was obtained as a colorless oil. 

The same ireaction was also carried out regarding 4-(R)- 
[l-hydrojcy-l-phenylmethyl] -1- [1- (R) -phenylethyl] -2-pyrrolidone 
[E2] (77%) . 
[Fl]; 

Hl-HJMR (400 MHz, CDCI3) 6: 1.46 (3 H, d, J = 7.32 Hz), 2.53 - 2.66 
(3 H, m) , 2.82 (1 H, dd, J = 9.76, 7.81 Hz) , 2.94 (1 H, dd, J= 9.76, 
5.86 Hz) , 4.37 (1 H, d, J= 7.81 Hz), 5.47 (1 H, q, J = 7.32 Hz) , 7.21 

- 7.42 (10 H, m) . 
[F2]; 

^-NMR (400 MHz, CDCI3) 8: 1. 54 (3 H, J-=-7 . 33 Hz)-,--2rl4 - (i-H— dd,-— 
J= 17.09, 7.81 Hz), 2.26 (1 H, dd, J = 17.09, 8.78 Hz), 2.55 - 2.65 
(1 H, m) , 3.14 (1 H, dd, J= 10.26, 7.81 Hz) , 3.32 (1 H, dd, J= 10.26, 
6.34 Hz) , 4.36 (1 H, d, J = 9.28 Hz) , 5.49 (1 H, q, J = 7.33 Hz) , 7.26 

- 7.43 (10 H, m) . 
[Reference Exaiqple 5] 

4~ (R) - [l-Tert-butoxycazbonylamino-l-phenylinethyl] -1- [1- (R) - 
phenylethyl] -2-pyrrolidone [Fl] , [F2] 

An ethanol (30 ml) solution of 4- (R) - [l-azido-l-phenylmethyl] - 
1- [1- (R) -phenylethyl] -2-Tpyrrolidone [Fl] (641 mg, 2 . 0 mnol) was mixed 
with 10% palladium-CcLrixsn catalyst (53.8% moisture, 600 mg) , and 
catalytic hydrogenation was carried out at rocm tenperature for 6 hours 
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under ordinary pressure . The reaction solution was filtered, and tlie 
solvent was ev^x>rated Tinder a reduced pressiare. The residue was 
dissolved dLn dichloromethane (20 ml) , mixed with di-tert-butyl 
dicarixjnate (655 mg) and triethylamine (560 ^il) and then stirred at 
room ten?)erature for 13 hours. COilorofoxm (50 ml) was added to the 
reaction solution, this Wcis washed with 10% citric acid (8 ml) and 
water (8 ml) , and the resulting organic layer was dried over anhydrous 
sodium sulfate . The solvent was ev^xarated vmder a reduced pressure 
and the resulting residue was ^splied to a silica gel colxamn 
Ghromatogr^hy. By eluting with a n-hexane : etl^l acetate system of 
frcm (1:1) to (2:3) , 629 mg (80%) of the title ccrapound was obtained 
as a colorless oil. 

The same reaction was also carried out regarding 4- (R) - [l-azido- 

l-phenylmethyl]-l-[l-(R)-phenylethyl]-2-pyrrolidone [F2] (76%). 

-fE^j . _ 

'h-NMR (400 MHz, CDCI3) 5: 1.41 (9 H, s) , 1.46 (3 H, d, J = 7.32 Hz) , 
2.47 - 2.76 (3 H, m), 2.76 - 2.89 (1 H, m) , 2.95 - 3.08 (1 H, m) , 4.62 

- 4.73 (1 H, m), 4.99 - 5.11 (1 H, m) , 5.47 (1 H, q, J = 7.32 Hz), 
7.20 - 7.34 (10 H, m) . 

[F2]; 

'H-NMR (400 MHz, C3X:i3) 6: 1.37 (9 H, s) , 1.51 (3 H, d, J = 7.32 Hz) , 
2.08 - 2.26 (2 H, m), 2.52 - 2.65 (1 H, m) , 3.06-3.18 (1 H, m) , 3.24 

- 3.32 (1 H, m) , 4.52 - 4.66 (1 H, m) , 5.01 - 5.11 (1 H, m) , 5.47 (1 
H, q, J = 7.32 Hz) , 7.19 - 7.35 (10 H, m) . 

[Reference Exanple 6] 

3- (R) - [l-Tert-butoxycarbonylamino-l-T>henylmethyl] -1- [1- (R) - 
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phenylethyl] pyrrolidine [Fl] 

In an atmosphere of nitrogen, iMborane-tetral^^drofurancxsnplex 
(4 . 6 ml) was acSded dropwise to tetralr^drofuran (10 ml) solution of 
4- (R) - tl-tert-buto3^carbonylamino-l-pherrylmethyl] -1- [1- (R) -phenyl 
etl^l] -2-pyrrolidone [Fl] (600 mg, 1.52 nmol) under ioe-cooling, and 
then the mixture was stirred at room tenoperature for 13 hours . After 
evaporation of the solvent under a reduced pressure, the resulting 
residue was mixed with 80% hydrous ethanol (15 ml) and trietl^lamine 
(3 ml) and heated under reflux for 5 hours . After ^xsntaneous cooling, 
the solvent was ev^x^rated under a reduced pressure, and chloroform 
(30 ml) was added to the resulting residue . This was washed with water 
(10 ml) and saturated brine (10 ml) and dried over anhydrous sodium 
sxalf ate . The solvent was ev^x>rated under a reduced pressure and the 
resulting residue was applied to a silica gel column chromatography. 
By eiuting wiWchlbrd*6rm:methmol^^^< , 510 mg (88%) of the title-^ 

conpound was obtained as colorless crystals. 

The same reaction was also carried out regarding 4- (R) - [1-tert- 
butoxycarbonylamino-l--phenylmsthyl] -1- [1- (R) -phenyletl^l] -2- 
pyrrolidone [F2] (86%) . 
[Fl]; 

^H-IMR (400 MHz, CDCI3) 5: 1.34 (3 H, d, J = 6.35 Hz) , 1.47 (9 H, s) , 
1.60 " 1.78 (2 H, m) , 2.18 - 2.39 (3 H, m) , 2.42 - 2.54 (1 H, m) , 2.83 
- 2.95 (1 H, m), 3.11 (1 H, q, J = 6.35 Hz), 4.47 - 4.57 (1 H, m) , 
6.06 - 6.18 (1 H, m), 7.16 - 7.33 (10 H, m) , 
[F2]; 

^H-NMR (400 MHz, CDCI3) 5: 1.41 (3 H, d, J = 6.35 Hz) , 1.46 (9 H, s) , 
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1.67 - 1,78 (1 H, m) , 1.89 - 2.02 (1 H, m) , 2.04 - 2.17 (1 H, m) , 2.17 
- 2.28 (1 H, m) , 2.37 - 2.50 (2 H, m) , 3.01 - 3.19 (2 H, m) , 4.48 - 
4.58 (1 H, m), 6.62 - 6.73 (1 H, m) , 7.07 - 7.34 (10 H, m) . 
[Reference Example 7] 

3- (R) " [l-Tert-btttoxycari»nylamino-l^henylntethyl] [Fl] 

An ethanol (20 ml) solution of 3-(R)-[l-teri:- 
butoxyc»rbonylamino-l-phenylmethyl] -1- [1- (R) - 

phenylethyl] pyrrolidine [Fl] (495 mg, 1.30 xmnol) was mixed with 10% 
palladium-carix>n catalyst (53.8% moisture, 500 mg) , and catalytic 
hydrogenation was carried out under ordinary pressure for 4 hours v^iile 
heating at a tenperature of SO^'C . By filtering the reaction solution 
and evaporating the solvent under a reduced pressure, 359 mg 
(quantitative) of crude title conpound was obtained as colorless 
crystals. This was used dLn the subsequent reaction without 

*- purification . . ^ 

The same reaction was carried out regarding 3- (R) -[1-tert- 
butoxycaiixDnylamino-l-phenylinetiry'l] -1- [1- (R) - 
phenylethyl] pyrrolidine [F2] (quantitative) . 
[Inventive Example 1] 

5-Amino-7- [3- (R) - (1-amino-l-phenylmethyl) -l-pyrrolidinyl] -6,8- 
dif luoro-1- [2- (S) -f luoro-1- (R) -cyclopropyl] -1 , 4-dihydro-4- 
oxoquinoline-3-carboxylic acid [Fl] 

3- (R) - [1-Tert-butoxycaibonylamino-l- 
phenylmethyl] pyrrolidine [Fl] (332 mg, 1.2 iranol) was added to an 
acetonitrile suspension (15ml) of 5-amino-6, 7 , 8-trifluoro-l- [2- (S) - 
f luoro-1- (S) -cyclopropyl] -1 , 4-dihydro-4-oxoquinoline-3-carix>xylic 
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aeid (316 mg, 1 . 0 ninol) , and the mixture was heated under reflux for 
14 hours in the presence of trietlrylami ne (2 ml) . After spontaneous 
cooling, the solvent was evaporated under a reduced pressure and the 
resulting residue was dissolved dLn chloroform (50 ml) . This was washed 
with 10% citric acid (30 ml x 2) and saturated brine (20 ml) and dried 
over anhydrous sodium sulfate. The solvent was evaporated under a 
reduced pressure , and the resulting residue was mixed with concentrated 
l^drochloricacid (15ml) and stirredatrocmtesnperature for 10 minutes. 
This hydrochloric acid solution was washed with chloroform (20 ml x 
3) , adjusted to an alkaline liquid property by adding 30% sodium 
hydroxide aqueous solution londer ice-cooling and then stirred at room 
te m perature for 1 hour. This suspension was adjusted to a liquid 
property of pH 7 . 6 by adding concentrated l^drocihloric acid and 1 mol/1 
t^drocshloric acid and then extracted with dhloroform (100 ml x 3) . 
The fesultijrig^orga^^ dried Over anhydrous sodixmi sulfate 

and the solvent was ev^x^rated under a reduced pressure. This was 
purif iedby recrys tallizing from an ethanol-dietl^l ether mixed solvent 
to obtain 241 mg (51%) of the title conpound as light yellow crystals . 
^H-NMR (400 MHz, 0.1 mol/1 NaOD) 6: 1.28 - 1.43 (2 H, m) , 1.53 - 1.66 
(1 H, m) , 2.16 - 2.28 (1 H, m) , 2.31 - 2.42 (1 H, m) , 2.86 - 2.96 (1 
H, m) , 3.09 - 3.20 (1 H, m) , 3.39 - 3.50 (2 H, m) , 3.58 - 3.70 (2 H, 
m), 4.64 - 4.71 (0.5 H, m) , 4.78 - 4.96 (0.5 H, m) , 7.27 - 7.40 (5 
H, m) , 8.10 (1 H, s) . 

Melting point: 111.8 - 114. 3*^0 (decoop.) 
Elemental analysis: for C24H23F3N403 • 0 . 25H2O 
Calod. : C, 60.44; H, 4.97; N, 11.75. 
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Found : C, 60.31; H, 4.92; N, 11.74. 
[Inventxve Example 2] 

5-AminO"7- [3- (R) - (l-amino-l^heirylmethyl) -1-pyrrolxdinyl] -6 , 8- 
dif luoro-1- [2- (S) -f luoro-1- (R) -cycaopropyl] -1 , 4-Ht hydro-4- 
oxoquijioline-3"rarho3cylic acd.d [F2] 

3- (R) - [l-Tert-butcM^carbonylamino-l- 
pheiT^linethyl]pyrrolidine [F2] (332 mg, 1.2 xnmol) was added to an 
aoetonitrile suspension (15 ml) of 5-amino-6 , 7 , 8-trif luoro-1- [2- (S) - 
fluoro-1- (S) -cycloprqpyl] -1, 4-dihydro-4-oxoquinoline-3-carbo3^1ic 
acid (316 mg, 1 . 0 nsnol) , and the mixture wcis heated under ref Ixax for 
14 hours in the presence of trietl^lamine (2 ml) . After spontaneous 
cooling, the solvent was evaporated under a reduced pressoire and the 
resulting residue was dissolved in chlorof oim (50 ml) . This was washed 
with 10% citric acid (30 ml x 2) and saturated brine (20 ml) and dried 
over anhydrous sodium sulfate. The solvent was evaporated under a - 
reduoedpressure , and the resulting residue was mixed with concentrated 
hydrochloric acid (15ml) andstirredatrocmtenperaturefor lOminutes . 
This hydrochloric acid solution was washed with chloroform (20 ml x 
3) , adjusted to an aUcaline liquid property by adding 30% sodivnn 
hydroxide aqueous solution tinder ice-cooling and then stirred at rocxn 
tesnperature for 1 hour. This suspension was adjusted to a liquid 
property of pH 7 . 6 by adding concentrated hydrochloric acid and 1 mol/1 
hydrochloric acid and then extracted with chloroform (100 ml x 3) . 
The resulting organic layer was dried over anhydrous sodium sulfate 
and the solvent was evaporated under a reduced pressure. This was 
purif iedby recrys tallizing f rem an ethanol-diethyl ether mixed solvent 
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to cabtain 388 ing (82%) of the title conpound as light yellow crystals . 
^H-IWR (400 MHz, 0,1 mol/l NaOD) 5: 1.19 - 1.58 (5 H, m) , 2.27 - 2.43 
(1 H, m) , 3.27 - 3.41 (1 H, m) , 3.46 - 3.74 (4 H, m) , 4.71 - 5.12 (1 
H, m), 7.21 " 7.41 (5 H, m) , 8.18 (1 H, s) . 
Melting point: 202,3 - 205. 1°C (deconp.) 
Elemental analysis: for C24H23FiN403 • 0 . 25H20 
Calcsd, : C, 60.44; H, 4,97; N, 11.75. 
Found : 60.31; H, 4.89; N, 11.84. 
[Inventive Exanple 3] 

7- [3- (R) - (l-Amino-l-phenylinethyl) -1-pyrrolidinyl] -6-f luoro-1- [2" 

(S) "f luoro-1" (R) -cycloprqpyl] -1 , 4-dihydro-8-iDethoxy-4- 

oxoquinoline-3-carix>xylic acid [E2] 

3- (R) - [l-Tert-butoxycarbor^lamino-l- 
phenylmethyl] pyrrolidine tF2] (304 mg, l.lnmol) and triethylamine 
- (0 .42 ml) were-added -to a dimethyl sulfoxide (3"inl) -solution-o:^— 

6 , 7-dif luoro-1- [2- (S) -f luoro-l- (R) -cyclopropyl] -1 , 4-dihydro-8- 
inethoxy-4-oxoquinoline-3-car±XM^lic acid BF2 chelate (325 mg, 0.9 
nmol) , and the mixture was stirred at 30''C for 19 hours . The solvent 
was ev^xjrated under a reduced pressure, and the resulting residue 
was mixed with 80% hydrous ethanol (10 ml) and triethylamine (2 ml) 
and heated under reflux for 3 hours. After spontaneous cooling, the 
solvent was ev^xurated, the resulting residue was mixed with chloroform 

(50 ml) , washed with 10% citric acid (40 ml x 2) and water (50 ml) 
and dried over sodium sulfate, and then the solvent was ev^x>rated. 
The resulting residue was mixed with concentrated hydrochloric acid 

(10 ml) and stirred at room temperature for 10 minutes, and then the 
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resulting water layer was washed with chloroform (20 ml x 3) and 
alkalif ied hy adding 30% sodium hydroxide aqueous solution under 
ice-cooling . This was adjusted to a liquidproperty of pH 7 . 6 by adding 
concentrated hydrochloric acid and 1 mol/1 hydrochloric acid and then 
extracted with chloroform (80 ml x 3) . The resulting organic Iciyer 
was dried over anhydrous sodivmi sulfate and the solvent was eve^rated 
under a reduced pressture . This was purified by recrystcaiizing from 
ethanol to obtain 294 mg (70%) of the title conpooand as light yellow 
crystals . 

^H-104R (400 MHz, 0.1 mol/1 NaOD) 5: 1.23 - 1.61 (5 H, m) , 2.42 - 2.57 
(1 H, m) , 3.32 - 3.44 (1 H, m) , 3.51 (3 H, s) , 3.54 - 3.64 (1 H, m) , 
3.69 - 3.79 (2 H, m) , 3.93 - 4.03 (1 H, m) , 4.85 - 4.93 (0.5 H, m) , 
4.99 - 5.09 (0.5 H, m) , 7.26 - 7.44 (5 H, m) , 7.65 (1 H, d, J = 14.16 
Hz), 8.40 (1 H, s) . 

Melting point: 141.8 - 144.2''C (dsconp.) 

Elemental analysis: for C25H25F2N3O4 • 0 . 5H2O 
Calcd. : C, 62.75; H, 5.48; N, 8.78. 
Found : C, 63.00; H, 5.35; N, 8.78. 
[Inventive Exanple 4] 

10- [3- (R ) - (l-Amino-l-phenylmethyl) -l-pyrrolidinyl] -9-f luoro-2 . 3- 
dihydro-3- (S) ^thyl -7-oxo-7H-T3Yrido [1,2. 3-de] [1 , 4]benzoxazine-6- 
carfaoxylic acid [F2] 

3- (R) - [l-Tert-butoa^carbonylamino-l- 
phenylmethyl] pyrrolidine [F2] (304 mg, 1.1 mmol) and triethylamine 
(0.42 ml) were added to a dimethyl sulfoxide (3 ml) solution of 
9 , 10-dif luoro-2 , 3-dihydro-3- (S) -methyl-7-oxo-7H-pyrido [1,2,3- 
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de] [l,4]ben20xazine-6-carix3xyl±c acid BF2 chelate (296 zng, 0.9inmol) , 
and the mixture was stirred at 30*^0 for 19 hours. The solvent was 
evaporated under a reduced pressure, and the resulting residue was 
mixed with 80% hydrous ethanol (10 ml) and trietl^lamine (2 ml) and 
heated xinder reflux for 3 hours . After spontaneous cooling , the solvent 
was evaporated, the resulting residue was mixed with chloroform (50 
ml) , washed with 10% citric acid (40 ml x 2) and water (50 ml) and 
dried over sodium sulfate, and then the solvent was ev^xDrated. The 
resulting residue was mixed with concentrated liydrochloric acid (10 
ml) andstirredatroomtenperatureforlOminutes, and then the resulting 
water layer was washed with chloroform (20 ml x 3) and alkalif ied by 
adding 30% sodium hydroxide aqueous solution under ice-cooling. This 
was adjusted to a liquid property of pH 7 , 6 by adding concentrated 
hydrochloric acid and 1 mol/1 hydrochloric acid and then extracted 
witli chloroform (80 11O. X 3) . The resulting oirganic layer was dried 
over amhydrous sodium svilf ate and the solvent was ev^K>rated under 
a reduced pressure . This Wcis purified by recrys tallizing from ethanol 
to obtain 158 wg (40%) of the title conpound as light yellow crystals , 
^H-NMR (400 MHz, 0.1 mol/1 NaOD) 8: 1.35-1.61 (5 H, m) , 2.48-2,61 
(1 H, m) , 3.29 - 3.38 (1 H, m) , 3,53 - 3.77 (4 H, m) , 4.21 - 4.29 (1 
H, m) , 4.41 - 4.48 (1 H, m) , 4.52 - 4.61 (1 H, m) , 7.28 - 7.42 (5 H, 
m), 7.51 (1 H, d, J = 13.18 Hz), 8.32 (1 H, s) . 
Melting point: 169.3 - 171.0''C (deconp.) 
Elenaental analysis: for C24H24EN3O4 • 0 . 25H2O 

Calod. : C, 65.22; H, 5.59; N, 9,51. 

Foimd : C, 65.50; H, 5.50; N, 9.52. 
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[Inventive Example 5] 

5-Amino-7- [3- (R) - (1-amino-l-yhenylinetlryl) -1-CTrrolidinyl] -6- 

f luoro-1- [2- (S) -f luoro-l" (R) -cyclgpropyl] -1 , 4"dil^dro-8-mstfayl-4- 

oxoquinoline"3"rarho3cylic acid [F2] 

3- (R) - [l-Tert-butoac^carboiiylamino-l- 
phenylmethyl] pyrrolidine [F2] (414 xng, 1.5 mmol) and trietlr^lamine 
(2 ml) were addpd to a diznethyl sniff oxide (3 ml) solution of 
5-amino-6, 7-dif luoro-1- [2- (S) -f luoro-1- (R) -cyclopropyl] -1 , 4- 
dihydro-8-metlr^l-4-oxoquinoline-3-carboxylicacd.d (312 mg, l.Onmol) , 
and the mixture was stirred at 130''C for 5 days in an atmosphere of 
nitrogen. The solvent was evaporated and the resulting residue was 
w ii x ed with chloroform (60 ml) , this was washed with 10% citric acid 
(40 ml X 2) and dried over sodium sulfate, and then the solvent was 
evaporated. The resulting residue was mixed with concentrated 
hydrochloric acid (10 ml) andstirredatrocmtenperature for 10 minutes, - 
and then the resulting water layer Wcis washed with chloroform (30 ml 
X 3) and alkalif ied by adding 30% sodium hjfdroxide aqueous solution 
Tmder ice-cooling. This was adjusted to a liquid property of pH 7.6 
by adding concentrated hydrocOiloric acid and 1 mol/1 hydrochloric acid 
and thGn extracted with chloroform (80 ml x 3) . The resulting organic 
layer was dried over sodium siilfate, the solvent was evc^rated, and 
then the resulting residue was applied to a preparative TLC. This 
was subjected to separation and purification by developing with the 
lower layer of chloroform: methanol: water = 7:3:1, thereby dbtaining 
148 mg (32%) of crude title compound. This was purified by 
recrystiallizing from an ethanol-hexane mixed solvent to obtain 79 mg 
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(17%) of the title ocirpcmnd as light yellow czystals. 
^H-NMR (400 MHz, 0.1 inol/1 NaOD) 5: 0.90 - 1.09 (2 H, m) , 1.22 - 1.51 

(3 H, m) , 2.16 (3 H, s) , 2,34 - 2.49 (1 H, m) , 2.99 - 3.09 (1 H, m) , 
3,35 - 3.46 (1 H, m) , 3.46 - 3.62 (1 H, m) , 3.62 - 3.73 (1 H, m) , 3.78 

- 3.89 (1 H, m) , 4.79 - 4.88 (0.5 H, m) , 4.94 - 5.04 (0.5 H, m) , 7.22 

- 7.41 (5 H, m), 8.26 (1 H, s) . 
Melting point: 179.4 - 183-6*'C (deocnp.) 
Elemental analysis: for C25H26FiN403 

Calod. : C, 64.09; H, 5.59; N, 11.96. 
Found : 63.91; H, 5.40; N, 11.96. 
[Inventive Example 6] 

7- [3- (R) - (l-Jtoino-l^henylmethyl) "1-pyzrrolidirryl] -1- [2- (S) - 

f luoro-1- (R) -cyclcrprqpyl] -1 , 4-dihydro-8inetho3cy-4-oxoq[uinoline-3" 

<-Tarho3cylic acid [F2] 

3- (R) - [l-Tert-butoxyea2±K>ir7laniino=l-^ 
phenylmethyl] pyrrolidine [F2] (304 rog, 1.1 nimol) and triethylamine 
(1 ml) were add ed to a dimethyl sulfoxide (5 ml) solution of 
7-f luoro-1- [2- (S) -fluoro-1- (R) -cycaoprcpyl] -1, 4-dilr^dro-8- 
methoxy-4-oxoquinoline-3-carboxylic acid (266 mg, 0 . 9 mmol) , and the 
mixture was stirred at 100°C for 14 hoTirs . The solvent was ev^x>rated 
under a reduoed pressure and the restilting residue was mixed with 
chloroform (50 ml) , this was washed with 10% citric acid (40 ml x 2) 
and water (50 ml) and dried over sodium sulfate, and then the solvent 
was ev^xDrated. The resulting residue was mixed with concentrated 
hydrochloric acid (10ml) and stirred at room temperature for 10 minutes, 
and then the resialting water layer was washed with chloroform (20 ml 
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X 3) and aUcalif ied with 30% scxiium hydroxide aqueous solution under 
ice-cooling . This was adjusted to a liquid property of pH 7 . 2 hy adding 
concentrated hydrochloric acid and 1 mol/l hydrochloric acid and then 
extracted with chloroform (80 ml x 3) . The resulting organic layer 
was dried over anhydrous sodium sulfate and the solvent was ev^xDrated 
under a reduced pressure . This was purified by recrystallizing from 
an ethanol-hexane mixed solvent to obtain 274 mg (67%) of the title 
ncmpound as light yellow crystals, 

^H-NMR (400 ^4Hz, 0.1 mol/l NaOD) S: 1.25 - 1.67 (4 H, m) , 2.48 - 2.61 
(1 H, m) , 3.30 - 3.49 (3 H, m) , 3.49 (3 H, s) , 3.61 - 3.71 (1 H, m) , 
3.71 - 3.79 (1 H, m) , 3.94 - 4.02 (1 H, m) , 4.88 - 4.94 (0.5 H, m) , 
5.03 - 5.10 (0.5 H, m), 7.00 (1 H, d, J = 9.28 Hz), 7.31 - 7.43 (5 
H, m), 7.92 (1 H, d, J = 9.28 Hz), 8.39 (1 H, s) . 
Melting point: 116.8 - 120.4''C (decon??.) 

Elemental analysis: for C25H26EN3O4-0.25H2O ^ 

Calcd. : C, 65.85; H, 5.86; N, 9,21. 

Found: C, 66,14; H, 5.80; N, 9.18. 
[Reference Example 8] 

4- (R) - (2-Methoxy)phenylcarbonyl-l- [1- (R) -phenylethyl] -2- 
pyrrolidone 

In an atmosphere of nitrogen, 1 mol/l 2-methoxyphenylmagnesium 
bromide (38 ml) prepared from 2-bromoanisole was added dropwise to 
tetrahydrofuran solution (50 ml) of N-methyl-N-methoxy-l- [1- (R) - 
phenylethyl] -5-oxcpyrrolidine-3-cai±>oxamide (6 . 20 g, 22 . 4 mmol) , and 
the mixture was stirred at room temperature for 5 minutes . The reaction 
solution was mixed with 1 mol/l hydrochloric acid (40 ml) under 
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ioe-cooling and then extracted with etl^l acetate (80 ml x 2) . The 
organic layer was washed with saturated brine (100 ml) and dried over 
anhydrous sodium sulfate . The solvent was ev^>orated under a reduced 
pressure and the resulting residue was ^yplied to a silica gel column 
chromatography. By eluting with a n-hexane : ethyl acetate system of 
from (1:2) to (1:3) , 2.45 g (33%) of the title compound was obtained 
as a light yellow oil. 

^H-NMR (400 MHz, CDCI3) 5: 1.54 (3 H, d, J = 6.84 Hz) , 2.73 (2 H, d, 
J = 8.30 Hz) , 3.18 (1 H, dd, J = 8.79, 9.77 Hz) , 3.66 (1 H, dd, J = 
6.34, 9.77 Hz) , 3,82 (3 H, s) , 4.04 (1 H, dd, J= 6.34, 8.79 Hz) , 5.51 
(1 H, q, J = 6.84 Hz) , 6.94 (1 H, d, J = 8.30 Hz) , 7.00 - 7.04 (1 H, 
m) , 7.27 - 7.38 (5 H, m) , 7,47 - 7.51 (1 H, m) , 7,68 - 7.70 (1 H, m) , 
[Reference Example 9] 

4- (R) - [1-Azido-l- (2-metho3cy)phenylmethyl] -1- [1- (R) -phenylethyl] - 

2-pyrrolidone" [Fl ]7 ~ [F2] " 

Iftider ice-cooldLng, sodium borol^dride (150 mg) was added to 
an ethanol (30 ml) solution of 4- (R) - (2-methoxy)phenylca2ix>nyl- 
1- [1- (R) -pher^lethyl] -2-pyrrolidone (2 . 45 g, 7 . 57 mnol) , and the 
mixturewasstirredatthesame tenaperaturefor20minutes . Thereaction 
solution was mixed with water (30 ml) , stirred at room tenperature 
for 30 minutes and then extracted with chloroform (80 ml x 3) . The 
organic layer was washed with saturated brine (100 ml) and dried over 
anhydrous sodi^lm s\ilf ate . The solvent was evc^rated under a reduced 
pressure and the resiilting residue was c^splied to a silica gel column 
chromatogr^hy . By eluting with 2% methanol-chlorof orm, 1 . 97 g (6 , 05 
mtnol) of a synthesis intermediate 
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4- (R) - [1- (2-methoxy)phei^l-l-hydroxymBtl^l] -1- [1- (R) - 
phenylethyl] -2-pyrrolidone was csibtainedas acolorless oil (1 : Imixture 
of iscxners) . This was m ad e into a dichlorcroethane (35 ml) solution, 
mixed with methanesulfonyl chloride (900 mg, 7,87 nmol) and 
triethylamine (1.8 ml) and then stirred at room tenperature for 50 
hours . The reaction solution was washed with water (30ml) and saturated 
brine (50ml) , the organic layer was dried over anhydrous sodium sxilf ate, 
and then the solvent was evaporated \ander a reduced pressure. The 
resul ting residue was dissolved inN,N-diinethylformamide (40ml) , mixed 
with sodium azide (2 . 11 g) and then heated at 80''C for 13 hours . After 
spontaneous cooling, the reaction solution was miv^ with water (50 
ml) and extracted with ethyl acetate (70 ml x 3) , and the restalting 
organic layer was washed with saturated brine (150 ml) and dried over 
anlqfdrous sodium sulfate . The solvent was evaporated under a reduced 

pressure and the' resvil ting residue was applied- to-a-silim 

dhromatography. By eluting with n-hexane : ethyl acetate (2:1) , 621 
mg (29%) of the low polarity title cooDpound [Fl] and 1.0 g (47%) of 
the high polarity title cooapound [F2] were obtained in succession each 
as a colorless oil. 
[Fl]; 

^H-NMR (400 MHz, CDCI3) 5: 1.47 (3 H, d, J = 6.83 Hz), 2.49 - 2.55 
(2 H, m) , 2.66 - 2.73 (1 H, m) , 2.85 - 2,94 (1 H, m) , 2.97 - 3.05 (1 
H, m) , 3.83 (3 H, s) , 4.95 (1 H, d, J = 7.81 Hz) , 5.49 (1 H, q, J = 
6.83 Hz) , 6.92 (1 H, d, J = 8.30 Hz) , 6.97 - 7.01 (1 H, m) , 7.23 - 
7.34 (7 H, m) . 
[F2]; 



92 



^H-Nb4R (400 MHz, CDCI3) 5: 1.55 (3 H, d, J = 6.84 Hz), 2.18 - 2.34 
(2 H, m) , 2.63 - 2.74 (1 H, m) , 3.10 (1 H, dd, J = 8.30, 10.25 Hz) , 

3.30 (1 H, dd, J = 6.84, 10.25 Hz), 3.84 (3 H, s) , 4.94 (1 H, d, J 

= 9.28 Hz) , 5.49 (1 H, q, J = 6.84 Hz) , 6.92 (1 H, d, J = 8.30 Hz) , 

6.98 - 7.01 (1 H, m), 7.25 - 7.36 (7 H, m) . 
[Referencse Example 10] 

4- (R) " [l-Tert-buto3cycai±>onylamino-l- (2inetho3cy)phenylniethyl] -1- 

[ 1- (R) -phenylethyl ] -2 -pyrrolidone [Fl ] , [E2 ] 

An ethanol (40 ml) solution of 4- (R) - [1-azido-l- 

(2-inetho3y) phenylmethyl] -1- [1- (R) -pheirylethyl] -2-py2:rolidone [Fl] 

(621 zng, 1.77inmol) was mixed witii 10% palladium-carbon catalyst (53.8% 
moisture, 700 mg) to carry out catalytic hydrogenation at room 
temp erature for 1 hour under ordinary pressure . The reaction solution 
vias filtered and the filtrate was ev^x>rated under a reduced pressure . 
The resulting residue was dissolved in dichloroKaethane-(40 ml)-, mixed - 
with di-tert-butyl dica rb onate (600 mg) and triethylamine (1 ml) and 
then stirred at room temperature for 15 hours . The reaction solution 
was evaporated \inder a reduced pressure, the resulting residue was 
mixed with chloroform (20 ml) and washed with water (10 ml) , and then 
the organic layer was dried over anhydrous sodium sulfate . The solvent 
was evaporated under a reduced pressure and the resulting residue was 
applied to a silica gel colimm chromatography (silica gel, 20 g) . By 
eluting with n-hexane : ethyl acetate (1:2) , 589 mg (78%) of the title 
compound [Fl] was obtained as colorless amorphous. 

The same reaction was also carried out regarding 
4- (R) - [1-azido-l- (2 -methoxy) phenylmethyl] -1- [1- (R) -phenylethyl] - 
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2- pyrrolidone [F2] (80%) . 
[Fl]; 

^H-NMR (400 MHz, CDCI3) 8: 1.42 (9 H, s) , 1.47 (3 H, d, J = 6.84 Hz), 
2.50 - 2,54 (2 H, m) , 2.70 - 2.86 (2 H, m) , 2.92 - 3.01 (1 H, m) , 3.82 

(3 H, s) , 4.73 - 4.80 (1 H, m) , 5.45 - 5.56 (2 H, m) , 6.85 - 6.93 (2 
H, m), 7.12 - 7.30 (7 H, m) . 

[F2]; 

^H-NMR (400 MHz, CDCI3) 5: 1.41 (9 H, s) , 1.54 (3 H, d, J = 7.33 Hz), 
2.03 " 2.15 (2 H, m) , 2.68 - 2.81 (1 H, m) , 3.00 - 3.13 (1 H, m) , 3.22 
- 3.35 (1 H, m) , 3.84 (3 H, s) , 4.60 - 4.72 (1 H, m) , 5.39 - 5.56 (2 
H, m), 6.79 - 6.96 (2 H, m) , 7.05 - 7.38 (7 H, m) . 
[Reference Example 11] 

3- (R) - [l-Tert-butoxycarfaorrylamino-l- (2-n>etho3cy)pheriylinethyl] -1- 
[l-(R)-phenylethyl]pyrrolidine [Fl] , [F23 

Inanatiiiospliereof nitrogen7*l-Mborane-to 
(5.5 ml) was added dropwlse to a tetrahydrofuran (20 ml) solution of 

4- (R) - [l-tert-l>utoxycarix5nylamino-l- (2-methoxy)phenylmethyl] -1- 
[1- (R) -phenylethyl] -2-pyi:rolidone [Fl] (589 mg, 1.39 ninol) under 
ic3e-cxoling, and then the mixture was stirred at rocxn tiemperature for 
17 hours. After adding methanol (10 ml) under ice-cooling and 
sxabsequent stirring at room tenoperature for 20 minutes , the solvent 
was evc^rated under a reduced pressure . The resulting residue was 
dissolved in 80% hydrous ethanol (40 ml) and heated under reflux for 
30 minutes in the presence of triethylamine (3 ml) . After spontaneous 
cooling of the reaction solution, the solvent was ev^x^rated \mder 
areducedpressure, chloroform (30ml) was added to the resulting residue. 
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and the resulting organic layer was washed with water (10 ml) and 
saturated brine (10 ml) and dried over anl^drous sodium sulfate , The 
solvent was evaporated under a reduced pressure and the resulting 
residue was applied to a silica gel column chrGmatogr^hy , By eluting 
with 3% methanol-chloroform, 488 mg (86%) of the title ccopound was 
obtained as a colorless oil. 

The same reaction was also carried out regarding 4-(R)-- 
[1-tert-butoxycaxbonylamino-l- (2-inethoxy)phenylinetl^l] -1- [1- (R) - 
phei^letlr^l] -2-pyrrolidone [E2] (99%). 
[Fl]; 

^H-NMR (400 MHz, CDCI3) 8: 1.32 (3 H, d, J = 6.34 Hz) , 1.45 (9 H, s) , 
1.66 - 1.74 (2 H, m) , 2.18 - 2,31 (3 H, m) , 2.70 - 2.85 (2 H, m) , 3.11 
(1 H, q, J= 6.34 Hz) , 3.79 (3 H, s) , 4.70 (1 H, t, J = 7.32 Hz) , 6.17 
(1 H, brd, J = 6.35 Hz) , 6.80 - 6.91 (2 H, m) , 7.17 - 7.33 (7 H, m) . 
[E?] ; ' - " 

^H-NMR (400 MHz, CDCI3) 5: 1.40 (3 H, d, J = 6.83 Hz) , 1.45 (9 H, s) , 
1.80 - 1.92 (1 H, m) , 2.17 - 2.30 (2 H, m) , 2.32 - 2.42 (1 H, m) , 2.53 
- 2.61 (1 H, m), 2.75 - 2.82 (1 H, m), 2.89 - 2.98 (1 H, m) , 3,10 - 
3.18 (1 H, m) , 3.79 (3 H, s) , 4.74 (1 H, t, J = 6.83 Hz) , 6.78 (1 H, 
d, J = 7.81 Hz) , 6.97 - 7.35 (8 H, m) . 
[Reference Exanqple 12] 

3- (R) " [l-Tert-buto3cycaibonylamino"l- (2- 
methoxy)phenylmethyl] pyrrolidine [Fl] , [F2] 

An ethanol (30 ml) solution of 3- (R) - [1-tert- 
butoxycarfDonylamino-l- (2-metho3cy) phenylmethyl] -1- [1- (R) - 
phenylethyl] -2-pyrrolidine [Fl] (488 mg, 1.19 mmol) was mixed with 
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10% palladiim-carbon catalyst (53 , 8% moisture, 500 mg) and subjected 
to 3 hours of catalytic hydrogenation xonder ordinary pressure ^diile 
h eat i n g at 50°C . The reaction solution was filtered and the filtrate 
vias evaporated under a reduced pressure to obtain 353 mg (97%) of crude 
title corapound as colorless crystals . This was used in the subsequent 
reaction without purification. 

The same reaction was also carried out regarding 
3- (R) - [l-tert-butoxycarbonylamino-l- (2-inethoxy)phenylinetl:^l] -1- 
[1- (R) -pherr^lethyl] -2 -pyrrolidine [E2] (97%) . 
[Inventive Eacample 7] 

5-Amino-7- [3- (R) - (l-amino-l- (2"inetho3cy)phenyliaethyl) -1- 
pyrrolidinyl] -6 , 8-dif luoro-1- [2- (S) -f luoro-1- (R) -cyclopropyl] - 
l,4-dihydro-4-oxoquinoline-3-carbo3cylic acid [Fl] 

3- (R) - [l"Tert-butoxynarhoiylamino-l- (2- 
metiioxy ) pE^r^lioBHa^l] pj^^ [Fl ] (353 mg— l--15"nraol)-was-added^ 

to an aoetonitrile suspension (15ml) of 5-amino-6,7,8-trifluoro-l-[2- 
(S) -f luoro-1- (R) -cyclopropyl] -1 , 4-dihydro-4-oxoquinoline-3- 
carboa^lic acid (316 mg, 1.0 mmol) , and the mixture was heated xinder 
reflux for 11 hours in the presence of triethylamine (3 ml) . After 
spontaneous cooling , the solvent of the reaction solution was ev^x>rated 
imder a reduced pressure and the resulting residue was dissolved in 
chloroform (50 ml) . This was washed with 10% citric acid (30 ml x 
2) and saturated brine (20 ml) and dried over anhydrous sodium sulfate . 
The solvent was evaporated under a reduced pressure , and the resultdLng 
residue was mixed with conoentratedhydrochloric acid (3ml) andstirred 
at rocm ten^^eratuzre for 5 minutes. This hydix>chloric acid solution 
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was washed with chloroform (20 xnl x 3) , adjoisted to an alkaline liquid 
property by adding 30% sodixna hydroxide aqueous solution under 
icse-cooling and then stirred at room tenperature for 1 hour. This 
suspension was adjusted to a liquid property of pH 7.4 by adding 
concentrated hydrochloric acid and 1 mol/l hydrochloric acid and then 
extracted with chloroform (80 ml x 3) . The resulting organic layer 
was dried over anhydrous sodium sulfate and the solvent was ev^x^rated 
under a reduced pressure to cibtain 482 mg of crude title cocpound. 
This was purified by recrystallizdLng from a methanol-ethanol mixed 
solvent to obtain 213 mg of the title ccrapoiand. 

^H-NMR (400 MHz, 0 . 1 mol/l NaOD) 5: 1.18 - 1.38 (2 H, m) , 1.41 - 1.55 
(1 H, m) , 2.05 - 2.18 (1 H, m) , 2.28 - 2.40 (1 H, m) , 2.77 - 2.88 (1 

H, m) , 3.02 - 3.16 (1 H, m) , 3.15 - 3.33 (2 H, m) , 3.43 - 3.52 (1 H, 
m) , 3.64 (3 H, s) , 3.78 - 3.85 (1 H, m) , 4.48 - 4.55 (0.5 H, m) , 4.65 
- 4.73 (0.5 H, m) , 6,84 - 6.88 (2 H, m) , 7.12 - 7^.20 (2 H,_m) ,„8.08 
(1 s) . 

Melting point: 114.8 - 126. 6°C 

Elemental analysis: for C25H25FiN404 • 1 . 25H20 

Calod.: C, 57.19; H, 5.28; N, 10.67. 

Found : C, 57.18; H, 5.12; N, 10.61. 
[Inventive Example 8] 

5-Amino-7- [3- (R) - (1-amino-l- (2-msthQ3cy) phenylmethyl) -1- 
pyrrolidinyl] -6 , 8-dif luoro-1- [2- (S) -f luoro-1- (R) -cyclopropyl] - 

I, 4-dihydro-4-oxoquinoline-3-carbQxylic acid [F2] 

3- (R) - [ 1-Tert-butoxyna rbonylamino-1- (2- 
methoxy) phenylmethyl] pyrrolidine [E2] (353 mg, 1.15 mmol) was added 



97 



to an aoetonitrile suspension (15 ml) of 5-ainino-6,7,8-trifluoro-l- 
[2- (S) -f luoro-l- (R) -cyclcpropyl] -1 , 4-dil^dro-4-oxoqtiinoline-3- 
carboxylic acdd (316 mg, 1.0 mmol) , and the mixture was heated under 
reflux for 11 hours in the presence of triethylamine (3 ml) . After 
spontaneous cooling , the solvent of the reaction solution was ev^>orated 
under a reduced pressure and the resulting residue was dissolved in 
chloroform (50 ml) , This was washed with 10% citric acid (30 ml x 
2) and saturated brine (20 ml) and dried over anhydrous sodiiim sulfate . 
The solvent was ev^x^rated under a reduced pressure , and the resulting 
residue was inixedwithconoentratedl^diXKihloric acid (3 ml) and stirred 
at room tenperature for 5 minutes. This hydrochloric acid solution 
was washed with chlorofoim (20 ml x 3) , adjusted to an alJcaline liquid 
property by adding 30% sodium hydroxide aqueous solution aander 
ice-cooling and then stirred at room teraperature for 1 hovir. This 
suspension was adjusted to- a liquid property of pH-7-. 4 by_- adding. _ 
concentrated hydrochloric acid and 1 mol/1 hydrochloric acid and then 
extracted with chloroform (80 ml x 3) . The resulting organic layer 
was dried over anhydrous sodium sulfate and the solvent was ev^xDrated 
lander a reduced pressure to obtain 468 mg of crude title con^xjiond. 
This was purified by recrystallizing from a methanol -ethanol mixed 
solvent to obtain 226 mg of the title conpound. 

^H-NMR (400 MHz, 0.1 mol/1 NaOD) 8: 1.05 - 1.48 (4 m) , 2.19 - 2.38 
(1 H, m) , 3.05 - 3,58 (5 H, m) , 3.52 (3 H, s) , 3.72 - 3.80 (1 H, m) , 
4.52 - 4.60 (0.5 H, m) , 4.70 - 4.79 (0.5 H, m) , 6.65 - 6.80 (2 H, m) , 
6.94 " 7.10 (2 H, m), 8.12 (1 H, s) . 
Melting point: 251,1 - 253. 2°C 
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Elemental analysis: £or C25H25FiN404 

Calod. : C, 59.76; H, 5.01; N, 11.15. 

Found : C, 59.89; H, 5.05; N, 11.12, 
[Reference Example 13] 

4- (R) - (2 , 4-Dif luoro)phenylcarfaonyl"l- [1- (R) ^henylethyl] -2- 
pyrrolidone 

In an atznosphere of n±t:rogen, 1 mol/l of 
2,4-difluorophei:^linagnesixm brGcnide (54.3 ml) prepared from 
2 , 4-dif luorobrcmdbenzene was added drcpwxse to a tetrahydrofuran 
solution (110 ml) of N-methyl-N-methoxy-l-[l-(R)-phenyletl^l]-5- 
oxopyrrolidine-3-caxix>xamide (5.50 g, 19.9mmol) , and the mixture was 
stirred at 50®C for 4 hours . The reaction solution was mixed with 1 
mol/l hydrochloric acid (150 ml) under ice-cooling and extracted with 
ethyl acetate (150 ml x 2) , and then the organic layer was washed with 
* saturated brine (1 00-ml) and dried over anhydzxms soditm, sulfate^. The 
solvent was ev^x^rated under a reduced pressure and the resulting 
residue was ^splied to a silica gel colxstm chromatography. By eluting 
with a n-hexane: ethyl acetate system of from (2:1) to (1:1) , 2.00 g 
(29%) of the title coenpound was obtained cis a light yellow oil. 
^H-NMR (400 MHz, CDCI3) 5: 1.55 (3 H, d, J = 6.83 Hz), 2.70 - 2.85 
(2 H, m), 3,21 (1 H, t, J = 9,28 Hz), 3.71 - 3,75 (1 H, m) , 3,85 - 
3.90 (1 H, m) , 5.52 (1 H, q, J = 6,83 Hz) , 6.85 - 6,91 (1 H, m) , 6,98 
- 7.03 (1 H, m), 7.26 - 7,92 (5 H, m) , 7,94 - 7,97 (1 H, m) . 
[Reference Example 14] 

4- (R) - [l-J^ido-l- (2 , 4"dif luoro)phenyImethyl-l" [1- (R) - 
phenylethyl] -2-pyrrolidQne [Fl] , [F2] 
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Under ice-cooling, sodium borolrydride (332 mg, 8.77 nmol) was 
a d ded to a methanol (60 ml) solution of 4-(r)-(2,4- 
dif luoro) pher^lcaj±onyl-l- [1- (R) -phenylethyl] -2-pyrrolidone (2.89 
g, 8.78 mmol) , and the mixture was stirred at the same tenperature 
for 30 minutes . The reaction solution was mixed with saturated ammonium 
chloride aqueous solution (3 ml) and stirred at room tenperature for 
30 minutes. The reaction mixture was extracted with ethyl acetate 
(80 ml X 3) , and the organic layer was washed with saturated brine 
(100 ml) and dried over anl^drous sodixm sulfate. The solvent was 
evaporated under a reduced pressiare and the resulting residue was 
to a silica gel column chroroatogr^l^. By eluting with a 
n-hexaneretlr/l acetate system of from (2:1) to (1:2) , 2.09 g (72%) 
of a synthesis intermediate 4- (R) - [1- (2,4-difluoro)pheIryl-l- 
hydro3q^thyl] -1- [1- (R) -phenyletl^l] -2-pyrrolidone was c±>tained as 
^jOplorlBss^l (1 :A xujcture o^^ .A 1 . 16 gJ5 - 30 m^ij pp^^:y^oi^ 

of this was dissolved in dichlorcraethane (35 ml) , and the solution 
was mixed with trietl^lamine (1 . 04 ml , 7.46 mmol) and methanesulf onyl 
chloride (492 )j1, 6.36 mraol) under ice-cooling and then stirred at 
the same temperature for 30 minutes . The reaction solution was washed 
with saturated amnaonium chloride aqueous solution (30 ml ) and saturated 
brine (50ml) , the organic layer was dried over anhydrous sodiimi sulfate, 
and then the solvent was ev^K>rated under a reduced pressure. The 
resultingresiduewasdissolvedjLnN,N-dimethylformamide (17ml) , mixed 
with sodium azide (862 mg, 13.3 mmol) and then heated at 50*^0 for 14 
hoiirs. After spontaneous cooling, the reaction solution was mixed 
with water (50 ml) and extracted with ethyl acetate (70 ml x 2) , and 
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theresiiltingorganiclayerwaswashedwithwater (50mlx3) andsaturated 
brine (150 ml) and dried over anl^drous sodium sulfate. The solvent 
was ev^xjrated under a reducsed pressure and the resulting residue was 
a?3plied to a silica gel column chroma togr^hy . By eluting with 
n-hexane: ethyl acetate (2:1) , 913 mg (40%) of the low polarity title 
ccBopound [Fl] and 894 mg (39%) of the high polarity title ccnpound 
[F2] were obtained in succession each as a colorless oil. 
[Fl] 

^H-NMR (400 MHz, CDCla) 6: 1.49 (3 H, d, J = 7,32 Hz), 2.53 - 2.65 
(3 H, m) , 2.86 - 2.91 (1 H, m) , 2.96 - 2.99 (1 H, m) , 4.77 (1 H, d, 
J= 8.30 Hz), 5.49 (1 H, q, J = 7.32 Hz), 6.85 - 6.90 (1 H, m) , 6.93 
- 6.97 (1 H, m), 7.23 - 7.36 (6 H, m) . 
[F2] 

^H-NMR (400 MHz, CDCI3) 5: 1.55 (3 H, d, J = 7.32 Hz), 2.17 (1 H, dd, 
J= 8.06, 16.85 Hz) , 2.31 (1 H, dd, J = 9.04, 16.85 Hz) , 2.61- 2.67^ 
(1 H, m) , 3.13 (1 H, dd, J = 8.06, 10.25 Hz) , 3.29 (1 H, dd, J = 6.35, 
10,25 Hz) , 4.75 (1 H, d, J = 9.28 Hz) , 5.49 (1 H, q, J = 7.32 Hz) , 
6.65 - 6,91 (1 H, m), 6.93 - 6.97 (1 H, m) , 7.26 - 7.36 (6 H, m) . 
[Reference Exanple 15] 

4- (R) - [l-Tert-butoxycaiix?nylamino-l" (2 , 4-dif luoro)pheiYyIinethyl] - 
1- [1- (R) -phenylethyl] "2-pyrrolidone [Fl] , [F2] 

An ethanol (20 ml) solution of 4- (R) - [1-azido-l- (2,4- 
dif luoro) phenylmethyl] -1- [1- (R) -phenylethyl] -2-pyrrolidone [Fl] 
(913 mg, 2.56mmol) was mixed with 10% palladium-carfDon catalyst (53,8% 
moisture, 900 mg) to carry out catalytic hydrogenation at room 
ten^jerature for 1 hour vinder ordinary pressure . The reaction solution 



101 



vfas filtered and the solvent of the filtrate was ev^x>rated under a 
reduced pressure. The resulting residue was dissolved in 
dichloromethane (20 ml) , mixed with di-tert-butyl dicarbonate (647 
|jl, 2.82 mmol) and triethylamine (464 jol, 3.33xnmol) and then stirred 
at roGsa tenoperature for 24 hours . The reaction solution was ev^x^rated 
under a reduced pressure, and the resulting residue was ^splied to 
a silica gel column chrocnatography. By eluting with n-hexane : ethyl 
acetate (1:1) , 567 mg (52%) of the title ooBopound [Fl] was obtained 
as colorless amorphous. 

The same reaction was also carried out regarding 4 - (R) - [ 1 -azido- 
1- (2 , 4-dif luoro)phenylmethyl] -1- [1- (R) -pher^letlyl] -2-pyrrolidone 
[F2] (84%) . 
[Fl] ; 

^H-NMR (400 MHz, CDCI3) 5: 1.41 (9 H, s) , 1.48 (3 H, d, J = 6.84 Hz) , 
-2 _-44-_ 2 . 95 (5 H,-m) , 4 .-7& m) , 5.04 - 5.01 (IM,^ m) ,_ 5.j49„ 

(1 H, q, J = 6.84 Hz), 6.78 - 6.87 (2 H, m) , 7.18 - 7.32 (6 H, m) . 
[F2]; 

^H-NMR (400 MHz, CDCI3) 5: 1.40 (9 H, s) , 1.55 (3 H, d, J = 7.33 Hz) , 
2.08 (1 H, dd, J = 8.06, 17.09 Hz) , 2.22 (1 H, dd, J = 8.79, 17.09 
Hz), 2.65 - 2.67 (1 H, m) , 3.10 - 3.14 (1 H, m) , 3.25 - 3.29 (1 H, 
m) , 4.70 - 4.72 (1 H, m) , 4,99 - 5.01 (1 H, m) , 5.49 (1 H, q, J = 7.33 
Hz), 6.79 - 6.89 (2 H, m) , 7.26 - 7,37 (6 H, m) , 
[Reference Exanple 16] 

3- (R) - [1-Tert-butoxycarfaonylamino-l- (2 , 4-dif luoro)phenylmethyl] - 
1- [1- (R) -phenylethyl] pyrrolidine [Fl] , [F2] 

In an atmosphere of nitrogen, iMborane-tetrahydrofuran complex 
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(9.60 ml) was added dropwise to a tetral^drofxaran solution (12 ml) 
of 4- (R) - [l-tert-buto3^carbonylamino-l- 

(2 , 4-dif luoro) phenylmethyl] -1- [1- (R) -phenyletl^l] -2-Ryrrolidone 
[FL] (560 mg, 1.30 inmol) under ioe-cxx>ling, and then the mixture was 
stirred at room temperature for 17 hours. After eva^ration of the 
solvent under a reduoed pressure, the resulting residue was dissolved 
dLn 80% hydrous ethanol (10 ml) and heated under reflux for 1 hour in 
the presencse of triethylamine (1 ml) . After spontaneous cooling of 
the reaction solution, the solvent was evaporated under a reduced 
pressure, chloroform (30 ml) was added to the resulting residue, and 
then the resiilting organic layer was washed with saturated ammonium 
chloride aqueous solution (10 ml) and saturated brine (10 ml) and dried 
over anhydrous sodiisn sulfate. The solvent was evaporated under a 
reduced pressure and the resulting residue was applied to a silica 
gel-column- c±irematography By- e^ with-n-hexanerethyl „aceta t e 

(1:1) , 485 mg (90%) of the title compound was obtained as a colorless 
oil. 

The same reaction was cilso caucried out regarding 4- (R) - [1-tert- 
butoxycarbonylamino-1- (2 , 4-dif luoro) pher^lmethyl] -1- [1- (R) - 
phenylethyl]-2--pyrrolidone [F2] (82%). 
[Fl]; 

^H-NMR (400 MHz, CDCI3) 5: 1.37 (3 H, d, J= 6.84 Hz), 1.48 (9 H, s) , 
1.67 - 1.69 (1 H, m) , 2.20 - 2.24 (1 H, m) , 2.36 - 2.39 (1 H, m) , 2.57 
- 2.59 (1 H, m), 3.01 - 3.15 (2 H, m) , 4.67 - 4,72 (1 H, m) , 6.35 - 
6.39 (1 H, m), 6.71 - 6.83 (2 H, m) , 7,22 - 7.36 (6 H, m) . 
[F2]; 
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^H-NMR (400 MHz, CDCI3) 6: 1.41 (3 H, d, J = 6.84 Hz) , 1.48 (9 H, s) , 
1.74 - 1.76 (1 H, m) , 2.01 - 2.04 (2 H, m) , 2.19 - 2.23 (1 H, m) , 2.35 
- 2.44 (1 H, m) , 3.14 - 3.17 (2 H, m) , 4.71 - 4.73 (1 H, m) , 6.68 - 
6.70 (1 H, m), 6.89 - 6.95 (2 H m) , 7.26 - 7.34 (6 H, m) . 
[Keferenoe Example 17] 

3- (R) - [l-Tearb-butoxycaxbonylamino-l- (2 , 4- 
dif luoro) phenylmetfayl ] pyrrolidine [Fl ] , [F2 ] 

An ethanol (10 ml) solution of 3-(R) -[1-tert- 
butoxycaxbor^lamino-1- (2 , 4-dif luoro) pher^lmethyl] -1- [1- (R) - 
phenylethyl] -2 -pyrrolidine [Fl] (243 mg, 0.58 mtnol) was Tn-i-iroH with 
10% palladium-carbon catalyst (53.8% moisture, 245 mg) and subjected 
to 2 hours of catalytic l^drogenation under ordinary pressure while 
heati n g at 50**C. The reaction solution was filtered and the solvent 
of the filtrate was ev:^>orated under a reduced pressure to obtain 200 

-mg-of the crude title-cen^xyui^ ,This^jwas_us^_ 

in the sijbsequent reaction without purification. 

The same reaction was also carried out regarding 
3- (R) - [l-tert-buto3cycazbonylamino-l- (2 , 4-dif luoro) phei^lmetl^l] - 
l-[l-(R)-phenylethyl]pyrrolidine [F2] . 
[Inventive Example 9] 

5-Amino-7- [3- (R) - (1-amino-l- (2 , 4-dif luoro) phenylroethyl) -1- 
pyrrolidinyl] -6 , 8-dif luoro-1- [2- (S) -f luoro-1- (R) -cyclopropyl] - 
l,4-dihydro-4-oxoquinoline-3-carboxylic acid [Fl] 

3- (R) - [1-Tert-butoxycarbonylamino-l- (2 , 4-dif luoro)phenylme 
thyl] pyrrolidine [Fl] (0.58 mmol) was added to an acetonitrile 
suspension (10ml) of 5-amino-6, 7, 8-trif luoro-1- [2- (S) -f luoro-1- (R) - 
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cyclcpropyl]-l,4-dil^dro-4-oxcx3uijiolijie-3-c»ri^^ acid (183 ing, 
0 . 58 nnDol) , and the mixture was heated under ref Ixuc for 15 hours in 
the presence of triethylamine (0,5 ml) . After spontaneous cooling, 
the solvent of the reaction solution was evaporated under a reduced 
pressure. The resulting residue was dissolved in chloroform (50 ml) , 
this was washed with 10% citric acid (30 ml) and saturated brine (20 
ml) and dried over anhydrous sodium sulfate, and then the solvent was 
ev;^x>rated under a reduced pressure . The resulting residue was mixed 
with concentrated hydrochloric acid (5 ml) imder ice-cooling, further 
mixed with 1 mol/1 hydrochloric acid aqueous solution (5 ml) at room 
tenperature and then washed with chloroform (50mlx3) , and the insoluble 
matter was removed by filtration. This hydrochloric acid solution 
was adjusted to an alkaline liquid property by adding 10 mol/1 sodium 
hydroxide aqueous solution under ice-cooling and then stirred at room 
te m perature for 1 hour. This suspension was adjusted ^to~ a liquid 
property of pH 7 . 4 by adding concentrated hydrochloric acid and 1 mol/1 
hydrochloric cicid and then extracted with chloroform (80 ml x 3) . The 
resulting oirganic layer was dried over anhydzrous soditim sulfate and 
the solvent was evaporated under a reduced pressure to obtain the crude 
title conpound as light yellow crystals . This was purified by 
recrystallizing from ethanol to obtain 125 mg (42%) of the title 
conpoimd. 

"^H-NMR (400 MHz, CDCI3) 5: 1.40 - 1.51 (2 H, m) , 1.84 - 1.89 (1 H, 
m) , 2.28 - 2.29 (1 H, m) , 2.57 - 2.59 (1 m) , 3.35 - 3.90 (5 H, m) , 
4.13 (1 H, d, J = 9.28 Hz), 4.79 (1 H, brd, J= 62,50 Hz), 6.38 (1 
H, s), 6.79 - 6.91 (2 H, m) , 7.37 - 7.41 (1 H, m) , 8.51 (1 H, s) . 
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Melting point: 182 - 183°C 

Elanaental analysis: for C24H2iF^403 • 0 . 25H20 

Calod. : C, 56.20; H, 4.22; N, 10,92, 

Found : C, 56,30; 4.39; N, 10.77. 
[Inventive Example 10] 

5-Amino-7" [3- (R) - (l-amino-l- (2 , 4-dif luoro)phenyliaet3Tyl) -1- 
pyrrolidiiyl] -6 , 8-dif luo3X>-l- [2- (S) luoro-1- (R) -cyclopropyl] - 
ly4-dihydro-4"Oxoquinoline-3-carfao3cylic acid [F2] 

3- (R) - [l-Tert-butoxycarix>i^lamino-l- (2 , 4-dif luoro)phenyline 
tlryl] pyrrolidine [F2] (0.50 mmol) was added to an acsetonitrile 
suspension (7 ml) of 5-amino-6 , 7 , 8-trif luoro-1- [2- (S) -f luoro-1- (R) - 
cyclcpropyl]-l,4-dil:^dro-4-oxoquinoline-3-Ccaiboxylic acid (158 mg, 
0.50 nnnol) , and the mixture was heated under reflux for 15 hours in 
the presence of triethylamine (0.5 ml) . After spontaneous cooling, 
the solvent of "the reaction-solution- was- ev^>orated^i^^ 
pressure . The resulting residue was dissolved in chloroform (50 ml) , 
this was washed with 10% citric acid (30 ml) and saturated brine (20 
ml) and dried over anhydrous sodium sulfate, and then the solvent was 
evaporated under a reduced pressure . The resulting residue was mixed 
with concentrated hydrochloric acid (5 ml) under ice-cooling, further 
mixed with 1 mol/1 hydrochloric acid aqueous solution (5 ml) at iXKxa 
teaperature and then washed with chloroform (50mlx3) , and the insoluble 
natter was removed by filtration. This hydrochloric acid solution 
was adjusted to an alkaline liquid property by adding 10 mol/1 sodium 
hydroxide aqueous solution under ice-cooling and then stirred at room 
tencperature for 1 hour. This suspension was adjusted to a liquid 
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property of pH 7 . 4 by adding concentrated l^drochloric acid and 1 mol/l 
l^drochloric acid and then extracted with chloroform (80 ml x 3) . The 
resxilting organic layer was dried over anhydrous sodium sulfate and 
the solvent was ev;^>orated under a reduced pressiare to obtain the crude 
title CGopound as light yellow crystals. This was purified by 
recrystallizing frcm ethanol to obtain 165 mg (65%) of the title 
cocppound. 

^H-NMR (400 MHz, CDCI3) S: 1.53 - 1.60 (3 H, m) , 1.69 - 1.71 (1 H, 
m) , 2.52 - 2.58 (1 H, m) , 3.66 - 3.91 (5 H, m) , 4.08 (1 H, d, J = 9.76 
Hz), 4.83 (1 H, brd, J= 62.75 Hz), 6.42 (1 H, s) , 6.80 - 6.93 (2 H, 
m), 7.34 - 7.40 (1 H, m) , 8.54 (1 H, s) . 
Melting point: 218 - 220*^0 (deconp.) 
Elemental analysis: for C24H2iF^403 

Calod. : C, 56.69; H, 4.16; N, 11.02. 

Found : C, 56.20; H, 4.22; N, 10.92. ^ 

[Reference Example 18] 

4- (R) - (2-Furyl) carbonyl-1- [1- (R) -phenylethyl] -2--pyrrolidone 

In an atmosphere of nitrogen, 0.5 mol/l of 2-furylmagnesium 
bro m ide (180 ml) prepared from furan was added dropwise to a 
tetrahydrofuran solution (160 ml) of N-raethyl-N-methoxy-l- [1- (R) - 
phenylethyl]-5-oxopyrrolidine-3-carboxamide (8.30 g, 30.0ramol) , and 
the mixture was stirred for 30 minutes. The ireaction solution was 
mixed with 1 mol/l hydrochloric acid (200 ml) xander ice-cooling and 
extracted with ethyl acetate (200 ml x 2) , and then the organic layer 
was washed with saturated brine (100 ml) and dried over anhydrous sodium 
svilf ate . The solvent was ev^orated under a reduced pressure and the 
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resul'blng residue was ^:pl±ed to a silica gel column chrooxiatogrqshy. 
By elutliig with a n-hexane: ethyl acetate system of f rem (1:1) to (1:2), 
3 . 94 9 (46%) of the title CGCDpound was obtained as a light yellow oil , 
^H-Nb4R (400 MHz, CDCI3) 5: 1.55 (3 H, d, J = 6,84 Hz), 2.72 - 2.87 
(2 H, m), 3.20 - 3.25 (1 H, m) , 3.67 (1 H, dd, J = 6.83, 9.77 Hz), 
3.80 - 3.89 (1 H, m), 5.53 (1 H, q, J = 6.84 Hz), 6.57 (1 H, dd, J 
= 1.46, 3.42 Hz) , 7.18 - 7.38 (6 H, m) , 7.60 (1 H, d, J = 0.98 Hz) . 
[Reference Example 19] 

4- (R) - [1-Amlno-l- (2-fTaryl) methyl] -1- [l- (R) -phenylethyl] -2- 
pyrrolldone [Fl] , [F2] 

Itoder Ice-coollng, sodium borol^dride (522 mg, 13.8 innol) was 
added to a methanol (80 ml) solution of 

4- (R) - (2-f uryl) carix3i^l-l- [1- (R) -pliex^letl^l] -2-pyrrolldone (3 . 90 
g , 13 . 8 mmol) , and the mixture was stirred at the same tenperature 
for 3d minutes . The ±Seaction solution was mixed with sati^ 
chloride aqueous solution (50 ml) , stirred at room tenperature for 
30 minutes and then extracted with chloroform ( 100 ml x 3 ) . The organic 
layer was washed with saturated brine (100 ml) and dried over anhydrous 
sodium sxilf ate . The solvent was ev^xDrated londer a reduced pressure 
and the resulting residue was applied to a silica gel column 
chromatography. By elutlng with toluene : ethyl acetate (1:2), 3.64 
g (12.7 mmol) of a synthesis Intermediate 4- (R) - [1- (2-furyl) -1- 
tq^coq/methyl] -1- [1- (R) -phenylethyl] -2--pyrrolldone was obtained as 
a colorless oil (1:1 mixture of Isomers) . This was made Into a 
dlchloromethane (90 ml) solution, mixed with trlethylamlne (5.97 ml, 
42.8 mmol) and methanesulf onyl chloride (2.83 ml, 36.7 innol) under 
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ioe-cooling and then stirred at room tenperature for 24 hours . The 
reaction solution was washed with saturated aminoniuni chloride aqueous 
solution (100 ml) and saturated brine (100 ml) , the organic layer was 
dried over anhydrous sodium sulfate , and then the solvent was evaporated 
under a reduced pzessure. The resulting residue was dissolved in 
N,N-dimethylformamide (45 ml) , mixed with sodium azide (4.97 g, 76.45 
mmol) and then heated at 50°C for 3 hours. After ioe-cooling, the 
reaction solution was mixed with water (100 ml) and extracted with 
ethyl acetate (100 ml x 2) , and the resiilting organic layer was washed 
with water (80 ml x 3) and saturated brine (100 ml) and dried over 
anl^drous sodiu m sxaf ate . The solvent was ev^xDrated under a reduced 
pressure and the resialting residue was ^yplied to a silica gel coliamn 
chrcxnatography . By elutingwithn-hexane : etlyl acetate (2 : 1) to (1 : 1) , 
4.02 g (12.7 mmol) of a synthesis intermediate 4- (R) - [l-azido-l- 
(2-f\iryl) methyl] -1- [1- (R) -pheir^lethyll "2^^^ 

as a colorless oil (1:1 mixture of isomers) , This was i n^de into an 
ethanol (100 ml) solution and mixed with 10% palladium-carbon catalyst 
(53. 8% moisture, 4.80mg) , and then catalytic hydrogenation was carried 
out at room tenperature for 2 hours under ordinary pressure. The 
reaction solution was filtered and the solvent of the resulting filtrate 
was ev:^x:>rated under a reduced pressure . The resulting residue was 
^Tplied to a silica gel column dhrcroatogr^hy , By eluting with a 
chloroform: methanol system of from (98:2) to (95:5) , 1.42 g (39%) of 
the lowpolarity title connpound [F2] andl.75g (49%) of the high polarity 
title conopound [Fl] were obtained in succession each as a colorless 
oil. 
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[Fl]; 

^H-NMR (400 MHz, CDCI3) 6: 1.46 (3 H, d, J = 6.84 Hz), 2.47 - 2.65 
(3 H, m) , 2,93 - 2,91 (1 H, m) , 3,13 (1 H, dd, J= 5,86, 9.76 Hz) , 3.87 
(1 H, d, J = 6,84 Hz), 5,46 (1 H, q, J = 6.84 Hz), 6.14 (1 H, d, J 
= 2.93 Hz), 6.29 - 6.31 (1 H, m) , 7,26 - 7,34 (6 H, m) , 
[F2]; 

^H-NMR (400 MHz, CDCI3) 8: 1.50 (3 H, d, J = 7,32 Hz), 2.28 (1 H, dd, 
J= 7.81, 17.09 Hz), 2.41 (1 H, dd, J = 8.79, 17.09 Hz), 2.54 - 2,59 
(1 H, m) , 3.17 (1 H, dd, J= 8.30, 10.01 Hz) , 3.32 (1 H, dd, J = 6.35, 
10.01 Hz) , 3.79 (1 H, d, J= 8,30 Hz) , 5.48 (1 H, q, J= 7.32 Hz) , 6.13 
(1 H, d, J = 2.93 Hz) , 6.30 (1 H, dd, J = 1.96, 2,93 Hz) , 7.26 - 7.36 
(6 H, m) , 

[Beferencse Exaznple 20] 

4- (R) - [1-Tert-butoxycarbonylamino-l" (2-furyl) methyl] -1- [1- (R) - 

paienyletJiyl'] -^^ [F2] ^ 

A dichlorocnethane (40 ml) solution of 4- (R) - [1-amino-l- 
(2-fiiryl) methyl] -1- [1- (R) -phenylethyl] -2-pyrrolidone [Fl] (2 . 00 g, 
7.03 mmol) was mixed with di-tert-butyl dicarixjnate (1,95 ml, 8.44 
ramol) and trietlr^lamine (1,38 ml, 9.84 mmol) and stirred at rocm 
temperature for 8 hours . The reaction solution was concentrated oinder 
a reduced pressxire, and the resvilting residue was ^iplied to a silica 
column chrcoaatogr^hy . By eluting with n-hexane : ethyl acetate 
(1 : 1) , 2 . 32 g (86%) of the title compooind [Fl] was obtained as colorless 
amorphous . 

The same reaction was also carried out regarding 4-(R)-[l- 
amino-1- (2-furyl)methyl] -1- [1- (R) -phenylethyl] -2-pyrrolidone [F2] 
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(78%) . 
[Fl]; 

^H-NMR (400 MHz, CDCla) 8: 1.44 (9 H, s) , 1.47 (3 H, d, J = 7.32 Hz) , 
2.43 (1 H, dd, J= 7.08, 17.33 Hz), 2.56 (1 H, dd, J = 9.04, 17.33 
Hz), 2.44 - 2.77 (1 H, m) , 2.97 - 2.99 (1 H, m) , 3.12 - 3.14 (1 H, 
m), 4.82 - 4.92 (2 H, m) , 5.47 (1 H, q, J = 7.32 Hz), 6.18 (1 H, d, 
J = 3.41 Hz) , 6.29 - 6.31 (1 H, m) , 7.26 - 7.33 (6 H, m) . 
[F2]; 

^H-NMR (400 MHz, CDCI3) 8: 1.43 (9 H, s) , 1.49 (3 H, d, J = 6.84 Hz) , 
2.27 (1 H, dd, J= 7.32, 17.09 Hz), 2.41 (1 H, dd, J = 8.79, 17.09 
Hz), 2.67 - 2.69 (1 H, m) , 3.05 - 3.06 (1 H, m) , 3.23 (1 H, dd, J = 
5.86, 10.25 Hz), 4.75 - 4.84 (2 H, m) , 5.47 (1 H, q, J= 6.84 Hz), 
6.21 (1 H, s), 6.31 (1 H, dd, J= 1.95, 2.93 Hz), 7.26 - 7.36 (6 H, 
m) . 

~ [Reifei^enoe Ebcample-21] 

3- (R) - [l-Tert-butxaxycarfaonylamino-l- (2-fTaryl)inethyl] -1- [1- (R) - 
phenylethyl] -2 -pyrrolidine [Fl] , [E2] 

In an atmosphere of nitrogen , 1 Mborane-tetrediydrof \aran conplex 
(14.8 ml) vias a ddpd dropwise to a tetrahydrofuran solution (40 ml) 
of 4- (R) - [l-tert-butoxycarboi^lamino-l- (2-furyl) methyl] -1- [1- (R) - 
phenylethyl] -2-pyrrolidone [Fl] (2.03g, 5.28mrool) rinderioe-oooling, 
and then the mixture was stirred at room temperature for 17 hotirs. 
After eventration of the solvent xonder a reducedpressure , the resulting 
residue was dissolved in 80% hydrous ethanol (40 ml) and heated \mder 
reflux for 1 hour in the presence of triethylamine (1 ml) . After 
spontaneous cooling of the reaction solution , the solventwas ev^xtrated 
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under a rediioed pressure , chlorofozzn (100 ml) was added to the resulting 
residue , and then the resulting organic layer was washed with saturated 
ammonium chloride aqueous solution (80 ml) and saturated brine (80 
ml) and dried over anhydrous sodium sulfate . The solvent was ev^>orated 
under a reduced pressure and the resulting residue was applied to a 
silica gel column chrocnatogr^l^ . By eluting with chloroform to 
chlorofomrmethanol (97:3), 1.54 g (79%) of the title OGn5>ound was 
obtained as vdiite crystals. 

The same reaction was also carried out regarding 4- (R) - [l-tert- 
butoxycarboiry^lamino-1- (2 -furyl) methyl] -1- [1- (R) -pher^lethyl] -2- 
pyrrolidone [F2] (63%) , 
[Fl] ; 

^H-Nb4R (400 MHz, CDCI3) 5: 1.35 (3 H, d, J = 6.84 Hz) , 1.47 (9 H, s) , 
1.67 - 1.73 (1 H, m) , 1.83 - 1.85 (1 H, m) , 2,25 - 2.31 (3 H, m) , 2.45 

- 2.47 (1 H, m) ,-2. 60 - 2. 62 (1 H, m) , 2,76 - 2.-78 -(l~H,-m) ,^ 3.13^-^ 
3,15 (1 H, m), 4.60 - 4.62 (1 H, m) , 5.64 - 5.66 (1 H, m) , 6.13 (1 

H, s), 6.27 (1 H, dd, J = 1.965, 2.93 Hz), 7.22 - 7.31 (6 H, m) . 
[F2]; 

^H-NMR (400 MHz, CDCI3) 6: 1.38 (3 H, d, J =6. 34 Hz), 1.46 (9 H, s) , 

I, 63 - 1.65 (1 H, m) , 1.90 - 1.99 (1 H, m) , 2.30 - 2.59 (4 H, m) , 2.85 

- 2,87 (1 H, m) , 3,16 - 3,18 (1 H, m) , 4.60 - 4.62 (1 H, m) , 6,01 (1 
H, s), 6.22 (1 H, dd, J = 1,95, 2.93 Hz), 7.23 - 7.32 (6 H, m) . 
[Reference Example 22] 

3- (R) - [l-Tert-butoxycarbonylaminO"l" (2-furyl) methyl] -1- 
IpenzyloxycaiixDnylpyrrolidine [Fl] , [F2] 

In an atmosphere of nitrogen, benzyl chloroformate (761 jol. 
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5.31 xnmol) was added dropwise to a dichloroethane solution (15 ml) 
of 3- (R) - [1-tert-butoxycazbonylamino-l- (2-furyl)iiiethyl] -1- [1- (R) - 
phenylethyl] -2-pfyrrolidine [Fl] (658 mg, 1.77inmol) under ice-cooling 
and then the mixture was heated imder refulx for 30 hours. After 
ev^mration of the solvent voider a reduced pressure, the residue was 
affpl3.ed. to a silica gel column chromatogr e^hy . By eluting with 
chlorofoim to chloroform: methanol (97:3) , 526 mg (74%) of the title 
ccnopound was obtained as vdiite crystals. 

The same reaction was cLLso carried out regarding 3- (R) - [1-teirt- 
butoxycarixjnylamino-l- (2 -furyl) methyl] -1- [1- (R) - 
phenylethyl] pyrrolidine [F2] (quantitative) . 
[Fl]; 

^H-NMR (400 MHz, CDCI3) 8: 1.43 (9 H, s) , 1.76 - 1.87 (1 H, m) , 2.03 

- 2.05 (1 H, m), 2.55 - 2.65 (1 H, m) , 3.05 - 3.13 (1 H, m) , 3.32 - 
3 . 59 (2 H, m) , 4 . 70- --4 .-72_(1-H.,- m)-, - 4 . 92.^4 . 94_ (1 H,^m).,_5...11_(2_ 
H, s), 6.18 (1 H, s), 6.31 (1 H, s) , 7.26 - 7.38 (6 H, m) . 

[F2]; 

^H-NMR (400 MHz, (3X^.3) 8: 1.43 (9 H, s) , 1.58 - 1.61 (1 H, m) , 1.84 

- 1.86 (1 H, m), 2.26 - 2.29 (1 H, m) , 3.24 - 3.34 (2 H, m) , 3.52 - 
3.64 (2 H, m), 4.76 - 4.78 (1 H, m) , 4.89 - 4,91 (1 H, m) , 5.13 (2 
H, s), 6.19 (1 H, s), 6.30 (1 H, s) , 7.26 - 7.36 (6 H, m) . 
[R efer ence Exaoople 23] 

3- (R) - [l-Tert-buto3cyca3±>onylamino-l- (2-furvl)methyl]pyrrolidine 
[Fl], [F2] 

An ethanol (10 ml) solution of 3- (R) - [1-tert- 
butoxycarix>nylamino-l- (2-furyl) methyl] -1- 
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ben2ylo3Vc»rboiylpyrrolidine [Fl] (507 mg, 1 . 37 ninol) was mixed with 
10% palladixim-carbon catalyst (53.8% moisture, 500 mg) , and catalytic 
l^drogenation was carried out at room temperature for 4 hoiars under 
ordinary press\are . The reaction solution was filtered and the solvent 
of the filtrate was evaporated under a reduced pressure to oJDtain 358 
mg of the crude title CGopound as colorless crystals . This was used 
in the subsequent reaction without purification. 

The same reaction was also carried out regarding 3- (R) - [1- 
tert-butoxycaadDonylamino-l- (2-furyl) methyl] -1- 
benzyloxycarbonylpyrrolidine [F2] . 
[Inventive Exanple 11] 

5-iVmino-7-{3- (R) - [1-amino-l- (2-furyl) methyl] -■l-pyrrolidiiryl}-6, 8- 
dif luoro-1- [2- (S) -f luoro-1- (R) -cyclopropyl] -1 , 4-dilrydro-4- 
oxoquinoline-3-caxix>3cylic acid [Fl] 

3^(R)-[l-Tert-butoxycaxbonylamino-l-(2- 

furyl) methyl] pyrrolidine [Fl] (1.30mmol) was added to an acetonitrile 
suspension (10ml) of 5-amino-6, 7 , 8-trif luoro-1- [2- (S) -f luoro-1- (R) - 
cyclopropyl] -l,4-dil^dro-4-oxoquinoline-3-carboxylic acid (316 mg, 
1-00 ramol) , and the mixture was heated under reflxix for 19 hours in 
the presence of triethylamine (0.5 ml) . After cooling, the solvent 
of the reaction solution was evc^rated under a reduced pressure . The 
restil ting residue was dissolved in chloroform (150 ml) , this was washed 
with 10% citric acid (80 ml) and saturated brine (80 ml) and dried 
over anhydrous sodium sulfate, and then the solvent was eva^rated 
under a reduced pressure. The resulting residue was mixed with 
concentratedhydrochloricacid (10 ml) under ice-cooling , fiirthermdLxed 
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with 1 mol/l iQxirochloric acid aqueous solution (5 ml) at rocm 
tenperature and then washed with chloroform (50mlx4) , and the insoluble 
matter was removed by filtration. This hydrochloric acid aqueous 
solution was adjusted to an alkaline liquid property by adding 10 mol/l 
sodium hydroxide aqueous solution vmder ice-cooling and then stirred 
at room temperature for 1 hour. This suspension was adjusted to a 
liquid property of pH 7.4 by adding concentrated hydrochloric acid 
and 1 mol/l l^drochloric acid and then extracted with chloroform (150 
ml X 3) . The restalting organic layer was dried over anhydrous sodium 
sulfate and the solvent was evaporated under a reduced pressure to 
obtain the crude title oompound as light yellow crystals . This was 
purified by recrystallizing from ethanol to obtain 294 mg (64%) of 
the title cccpound. 

^H-NMR (400 MHz, 0.1 mol/l NaOD) 5: 1.34 - 1.56 (3 H, m) , 2.35 - 2.39 
(1 H/ m), 2.06 - 2.08 (IH, m)-, 3,18 - 3.20 (2^H, m) , .3 . 40^^ 3..ja2 __(r 
H, m), 3.48 - 3.50 (1 H, m) , 3.58 - 3.60 (1 H, m) , 3.69 (1 H, d, J 
= 9.28 Hz) , 4.76 (1 H, br. d, J = 62.50 Hz) , 6.18 (1 H, d, J = 3.42 
Hz), 6.34 (1 H, s), 7.37 (1 H, s) , 8.07 (1 H, s) . 
Melting point: 188 - 189°C 
Elemental analysis: for C22H2iFiNr404 
Calcd. : C, 57.14; H, 4.58; N, 12.12. 
Found : C, 57.14; H, 4.78; N, 12.07. 
[Inventive Example 12] 

5-Amino-7"{3- (R) - [l-amino-l- (2-furyl) methyl] -l-pyrrolidinyl}-6, 8- 
dif luoro-1- [2- (S) -f luoro-l- (R) -cyclcpropyl] -1 , 4-dihydro-4- 
oxoquinoline"3-carbQ3ylic acid [F2] 
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3- (R) - [l-Tert-but03^carboi^lamino-l- (2-furyl) methyl] pyrrol 
idine [F2] (0.749 xnmol) was added to an acetonitrile suspension (10 
ml) of 5-amino-6, 7 , 8-trif luoro-1- [2- (S) -f luoro-1- (R) -cyclopropyl] - 
l,4-dihydro-4-o«oquij:ioline-3-caxbo3^1ic acid (215 rag, 0.681 imnol) , 
and the mixture was heated under reflux for 19 hours in the presence 
of triethylamine (0 . 5 ml) . After cooling, the solvent of the reaction 
solution was evaporated \mder a. reduced pressure , The resulting 
residue was dissolved in chloroform (150 ml) , this was washed with 
10% citric acid (80 ml) and saturated brine (80 ml) and dried over 
anhydrous sodium sulfate, and then the solvent was ev;^x>rated under 
a reduced pressure . The resulting residue was mixed with concentrated 
hydrochloric acid (10 ml) under ice-cooling, further mixed with lmol/1 
l^fdrochloric acid aqueous solution (5 ml) at rocm temperature and then 
washed with chloroform (50 ml x 4) , and the insolxable matter was removed 
__by filtration . _Su,s.l^^ acid aqueous, solution was^adjust^ 

to an al k aline liquid property by adding 10 mol/1 sodiim hydroxide 
aqueous solution under ice-cooling and then stirred at room tenperature 
for 1 hour. This suspension was adjusted to a liquid property of pH 
7 . 4 by adding concentrated hydrochloric acid and 1 mol/1 hydrochloric 
acid and then extracted with chlorofozm (150 ml x 3) . The resulting 
organic layer was dried over anhydrous sodium sulfate and the solvent 
was evs^rated under a reduced pressure to obtciin the crude title 
compound as light yellow cirystals. This was purified by 
recrystallizing from ethanol to obtain 120 mg (38%) of the title 
coDpound. 

^H-NMR (400 MHz, 0.1 mol/1 NaOD) 5: 1.24 - 1.43 (3 H, m) , 1.57-1.59 



116 



(1 H, m) , 2.27 - 2.29 (1 H, m) , 3.27 - 3.29 (1 H, m) , 3.35 - 3.37 (1 
H, m) , 3.51 - 3.56 (3 H, m) , 3.63 (1 H, d, J = 8.79 Hz) , 4.79 (1 H, 
br. d, J= 62.99 Hz) , 6.13 (1 H, d, J = 2.93 Hz) , 6.31 (1 H, s) , 7.34 

(1 H, s) , 8.09 (1 H, s) . 
MeltjLng point: 187 - 188°C 
Elemental analysis: for C22H2iFiN404 • 0 , 5H2O 
Calcxi. : C, 56.05; H, 4.70; N, 11.88. 
Found : C, 56.06; H, 4.89; N, 11,62. 

[Reference Example 24] 

4- (R) - (Thiazol-2^1) caadaonyl-l- [1- (R) -^henylethyl] -2-"pyrrolidone 

In an atmosphere of nitrogen and at -78''C, n-butyl lithiim (20 . 4 
ml, 30.0 mmol, 1.47 M hexane solution) was added dropwise to a 
tetrahydrofuran solution (200 ml) of 2-broniothiazole (4.92 g, 30.0 
mmol) spending 10 minutes, and the mixture was stirzred at the same 
te fn perajtnge,fpr_l^^ To _this added dzrgpwise a_tet2^al^^drofurcUi^ 

solution (50 ml) of N-metl^l-N-ittethoxy-l-[l- (R) -pherr^lethyl] -5- 
oxopyrrolidine-3-carboxamide ( 6 . 91 g , 25.0 mmol) spending 10 minutes , 
and the mixture was stirred at -78°C for 30 minutes and then xjnder 
ice-cooling for 1 hour . The reaction solution was mixed with 1 mol/1 
hydrochloric acid (150 ml) under ice-cooling and extracted with ethyl 
acetate (100 ml x 2) , and the resulting organic layer was washed with 
saturated brine (300ml) and dried over anhydrous sodium sulfate . The 
solvent was eva^rated under a zreduced press\ire and the residue was 
applied to a silica gel column chzxaraatography . By eluting with 
n-hexane: ethyl acetate (1:1) , 2.70 g (36%) of the title ccn^x^und was 
obtained as a light yellow oil. 
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^H-NMR (400 MHz, CDCI3) 8: 1.55 (3 H, d, J = 7.32 Hz), 2.04 - 2.92 
(2 H, m) , 3.33 - 3.38 (1 H, m) , 3.63 - 3.68 (1 H, m) , 4.26 - 4.35 (1 

H, m) , 5,53 (1 H, q, J = 7,32 Hz) , 7.27 - 7.38 (5 H, m) , 7.73 (1 H, 

d, J = 2,93 Hz) , 8.00 (1 H, d, J = 2.93 Hz) . 
[Referenoe Exarnple 25] 

4- (R) - [l-Hydroxy-l- (thiazol-2-yl) methyl] -1- [1- (R) -pheaylethyl] -2- 
pyrrolidone [Fl] , [F2] 

ttoder ic5e-cooling, sodium borol^dride (409 mg) was added to 
an ethanol (50 ml) solution of 4- (R) - (thiazol-2-yl) carbonyl-1- [1- (R) - 
phenylethyl] -2 -pyrrolidone (3 . 24 g, 10 . 80 mmol) , and the mixture was 
stirred at the same temperature for 30 minutes . The reaction solution 
was mixed with 10% citric acid (50 ml) under ice-cooling, ethanol was 
evaporated under a reduced pressure and then the resulting residue 
was extracted with chloroform (80 ml x 2) . The organic layer was washed 
with saturated brine (100 ml) and dried over anhydrous sodium sulfate . 
The solvent was evaporated under a reduced pressure and the resxilting 
residue was applied to a silica gel column chrosnatogrc^hy . By eluting 
with ethy^l acetate, 1.28 g (39%) of the low polarity title ccnpound 
[Fl] and 1.38 g (42%) of the high polarity title ccnpound tF2] were 
obtained dLn succession, respectively as light yellow crystals and a 
light yellow oil. 
[Fl]; 

^H-NMR (400 MHz, CDCI3) 5: 1.47 (3 H, d, J= 7.32 Hz), 2.46 (1 H, dd, 
J = 9.77, 7.09 Hz) , 2.61 (1 H, dd, J = 7.32, 7.09 Hz) , 2.73 - 2.83 
(1 H, m) , 3.06 (1 H, dd, J= 10.26, 8.30 Hz) , 3.40 (1 H, dd, J= 10.26, 
6.34 Hz) , 3.55 (1 H, d, J = 5.37 Hz) , 4.98 (1 H, t, J = 5.37 Hz) , 5.46 
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(1 H, q, J = 7.32 Hz), 7.26 - 7.35 (6 H, m) , 7.73 (1 H, d, J = 2,93 
Hz) . 
[F2]; 

^H-IWR (400 MHz, CDCI3) 5: 1.48 (3 H, d, J = 6,84 Hz), 2.49 (2 H, d, 
J= 8.30 Hz), 2.79 - 2.88 (1 H, m) , 2.96 - 3.01 (1 H, m) , 3.38 (1 H, 
dd, J = 9.77, 5.86 Hz) , 4.97 (1 H, dd, J = 5.37, 4.96 Hz) , 5.27 (1 
H, brs), 5.43 (1 H, q, J = 6.84 Hz), 7.23 - 7.32 (6 H, m) , 7.66 (1 
H, d, J = 3.42 Hz) . 
[Peference Example 26] 

4" (R) - [1-Azido-l- (thiazol-2-yl) methyl] -1- [1- (R) -phenylethyl] -2- 
pyrrolidone [Fl] , [F2] 

VndGX ice-acx5ling, txiethylamine (725 |xL) and znetlianesxilf onyl 
chloride (341 jol, 4.40 mmol) were added to a dichlororaethane (20 ml) 
solution of 4- (R) - [l-hydroa^-l- (thici2ol-2^1) methyl] -1- [1- (R) - 
phenyleth/1] -2--pyrrolidone [Fl] (1.21g, 4 . 00 nmol) , and the mijcture 
was stirred at the same temperature for 1 hoxir . The reaction solution 
was mixed with 10% citric acid (30 ml) under ice-cooling and extracted 
with chloroform (30 ml x 2) , and the organic layer was washed with 
saturated brine (100 ml) and then dried over anhydrous sodium sulfate , 
The solvent was evs^rated under a reduced pressure , and the resulting 
residue was dissolved in N,N-dimethylformamide (30 ml) , mixed with 
sodium azide (780 mg, 12 . 0 mmol) and then heated at 60*^0 for 15 hours . 
After spontaneous cooling, the reaction solution was mixed with water 
(70 ml) and extracted with ethyl acetate (80 ml x 3) , and the organic 
layer was washed with saturated brine (200 ml) and then dried over 
anhydrous sodium siaf ate . The solvent was ev^x^rated under a reduced 
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pressiire, and the resulting residue was applied to a silica gel column 
chromatogr^hy. By eluting with a n-hexane: ethyl acetate systm of 
frcm (1:2) to (1:3) , 1.263 g (96%) of the title ccnopound was obtained 
as a light yellow oil. 

The same reaction was also carried out regarding 4-(R)-[l- 
hydroay- 1- (thiazol-2-yl)methyl] -1- [1- (R) -phenyletl^l] -2- 
pyrrolidone [E2] (85%) . 
[Fl]; 

^H-Nb4R (400 MHz, CDCI3) 5: 1.52 (3 H, d, J= 7.32 Hz), 2.37 (1 H, dd, 
J = 7.32, 7.09 Hz) , 2.52 (1 H, dd, J = 8.79, 7.09 Hz) , 2.84 - 2.96 
(1 H, m) , 3.13 (1 H, dd, J= 10.25, 8.30 Hz) , 3.36 (1 H, dd, J= 10.25, 
6.35 Hz) , 4.81 (1 H, d, J= 7.81 Hz) , 5.48 (1 H, q, J = 7.32 Hz) , 7.26 
- 7.37 (5 H, m) , 7,39 (1 H, d, J = 3.42 Hz) , 7.81 (1 H, d, J = 3.42 
Hz) . 

[F21; 

^H-NMR (400 MHz, CDCI3) 5: 1.48 (3 H, d, J = 7.32 Hz), 2.60 (2 H, d, 
J = 7.81 Hz) , 2.82 - 2.91 (1 H, m) , 3.05 (1 H, dd, J = 10,25, 8,30 
Hz), 3.22 (1 H, dd, J= 10.25, 5.86 Hz), 4.81 (1 H, d, J = 7.81 Hz), 
5.48 (1 H, q, J = 7.32 Hz) , 7.25 - 7.34 (5 H, m) , 7.38 (1 H, d, J = 
3.41 Hz) , 7.80 (1 H, d, J = 3.41 Hz) . 
[Reference Example 27] 

4" (R) - [l-Tert-buto3cycarfaonylamino-l- (thiazol-2^1)ittethyl] -1- [1- 
(R) -phenylethyl] -2-pyrrolidone [Fl] , [F2] 

An ethanol (50 ml) solution of 4- (R) - [1-azido-l- (thiazol-2- 
yl)methyl]-l-[l-(R)-^henylethyl]-2-pyrrolidone [Fl] (1.18 g, 3.60 
mnnol) was mixed with 10% palladium-carbon catalyst (53,8% moisture. 
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1.20g) , and catalytic hydrogenation was carried out: at rocmteope^ 
for 3 hours tinder ordinary pressure . The reaction solution was filtered , 
and the solvent was evaporated under a reduced pressure . The residue 
was dissolved In dlchloromethane (30 ml) , mixed with dl-tert-butyl 
dlcarbonate (1.179 g) and trletl^lamlne (1 ml) and then stirred at 
roan tenperature for 14 hours. Chloroform (50 ml) was aHij^wj to the 
reaction solution, this was washed with 10% citric acid (80 ml) and 
water (80 ml) , and the resulting organic layer was dried over anhydrous 
sodium sulfate . The solvent was evaporated under a reduced pressure 
and the resulting residue was ^>plied to a silica gel column 
chrcanatography . By elutlng with n-hexane : etl^l acetate (1 : 3) , 1 . 205g 
(83%) of the title nc rn pound was obtained as colorless amorphous. 

The same reaction was clIso carried out regarding 4-(R)-[l- 
azldo-1- (thlazol-2-yl) methyl] -1- [1- (R) ^henylethyl] -2-pyrrolldone 

[F2]-(75%)- ' ^ . ^ 

[Fl]; 

^H-Nb4R (400 MHz, CDCI3) 6: 1.44 (9 H, s) , 1.51 (3 H, d, J = 6.84 Hz) , 
2.38 (1 H, dd, J = 17,09, 7.82 Hz) , 2.49 (1 H, dd, J = 17.09, 9,28 
Hz) , 2.83 - 2.95 (1 H, m) , 3.08 (1 H, dd, J = 9.77, 8.30 Hz) , 3,28 
(1 H, dd, J = 9.77, 6.84 Hz) , 5.01 - 5.09 (1 H, m) , 5.19 - 5.26 (1 
H, m) , 5.48 (1 H, q, J = 6.84 Hz) , 7,26 - 7.35 (6 H, m) , 7.73 (1 H, 
d, J = 2.93 Hz) , 
[F2] ; 

^H-NMR (400 MHz, CDCI3) 8: 1,44 (3 H, d, J = 7.33 Hz), 1.45 (9 H, s) , 
2.42 (1 H, dd, J = 17,09, 6,84 Hz) , 2.56 (1 H, dd, J = 17.09, 9.28 
Hz) , 2.90 - 3.00 (1 H, m) , 3.09 (1 H, dd, J = 9.76, 8.79 Hz) , 3.28 
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(1 H, dd, J= 9.76, 5.85 Hz), 5.07 - 5.13 (1 H, m) , 5.38 - 5.46 (1 
H, m) , 5.45 (1 H, q, J = 7.33 Hz) , 7.25 - 7.34 (6 H, m) , 7,71 (1 H, 
d, J = 2 . 92 Hz) . 
[Reference Example 28] 

3- (R) - [l-Tert-butoxycarix^nylamino-l-- (thiazol--2-yl)iaetlyl] -1- [1- 
(R) ^henylethyl] pyrrolidine [Fl] , [F2] 

In an atmosphere of nit:rogen , 1 Mborane- tetral^drof uran coo^>lex 
(8.1 ml) was added drcpwise to tetrahydrofiiran solution (20 ml) of 

4- (R) - [l-tert-buto3cyca2±Dorrylamino-l- (thiazol-2-yl)phexTylmethyl] - 
l-[l-(R)-phenyletl:^l]-2-pyrrolidone [Fl] (1.084 g, 2.70 mmol) under 
ice-cooling, and then the mixture was stirred at room tencperature for 
14 hours . After evaporation of the solvent under a reduced pressure, 
the resulting residue was mixed with 80% hydrous ethanol (20 ml) and 
triethylamine (4 ml) and heated imder refliax for 4 hours. After 
spontaneous cooling, the solvent was evaporatedunder a reducedpressure, 
chloroform (30 ml) was added to the resultdLng residue, and then this 
was washed with water (10 ml) and saturated brine (10 ml) and dried 
over anhydrous sodium srilfate. The solvent was ev^xDrated under a 
reduced pressure and the resulting residue was ^Tplied to a silica 
gel column chromatography. By eluting with chloroform: methanol (20:1) , 
984 mg (94%) of the title con^xaund was obtained as a colorless oil. 

The same reaction was also carried out regarding 4- (R) - [1-tert- 
butoxycarbonylamino-1- ( thiazol-2-yl) pl^^ylniethyl] -1- [ 1- (R) - 
phenylethyl] -2-pyrrolidone [F2] (85%). 
[Fl]; 

^H-NMR (400 MHz, CDCI3) 5: 1.40 (3 H, d, J =6.35 Hz), 1.51 (9 H, s) , 



122 



1.58 - 1.71 (2 H, m) , 1,76 - 1,89 (1 H, m) , 2,02 - 2.30 (2 H, m) , 2.40 

- 2,50 (1 H, m), 2,74 - 2.85 (1 H, m) , 3.08 - 3.23 (2 H, m) , 4.82 - 

4.90 (1 H, m), 7.09 (1 H, d, J = 3.42 Hz), 7.20 - 7.32 (5 H, m) , 7.63 
(1 H, d, J = 3.42 Hz) , 

[F2]; 

^H-NMR (400 MHz, CDCI3) 8: 1.38 (3 H, d, J = 6,35 Hz), 1,52 (9 H, s) , 
1.68 - 1,82 (2 H, m) , 2.11 - 2.23 (1 H, m) , 2.23 - 2.34 (1 H, m) , 2,45 

- 2.55 (1 H, m) , 2.79 - 2.92 (1 H, m) , 3.03 - 3.21 (2 H, m) , 4.83 - 

4.91 (1 H, m) , 6.64 - 6.73 (1 H, m) , 7,20 (1 H, d, J = 3.41 Hz) , 7.22 

- 7.32 (5 H, m) , 7.70 (1 H, d, J = 3.41 Hz) . 
[Referenoe Example 29] 

3- (R) - [l-Tert:-butoxycaiix>nylamino-l- ( thiazol -2 -yl) methyl] -1- 
benzylo3yca3±>onylpyrrol±dijie [Fl] , [F2] 

In an atmosphere of nitrogen, benzyl chloroformate (628 
4 .40 mmol) was added dropwise to a dxchloroethane solution „(15,ml)_ 
of 3- (R) - [l-tert-butoxycaiixjnylamino-l- (thiazol -2 -yl) methyl] -1- 
[l-(R)-phenyletl^l]-2-pyrrolidine [Fl] (852 mg, 2.20 nanol) under 
ic3e-cooling and then the mixture vfas heated under ref ulx for 16 hours , 
After spontaneous cooling, the reaction solution was mixed with 
chloroform (50 ml) andwashedwith saturated sodium bicarbonate cwjueous 
solution (5 ml) , and then the organic layer was dried over anhydrous 
sodium stiLf ate . The solvent was ev;^porated under a reduced pressure , 
and the resulting residue was ^^plied to a silica gel column 
chroraatogr^hy. By eluting with n-hexane : ethyl acetate (1:1) , 646 
mg (70%) of the title corapound was obtained as a colorless oil. 

The same reaction was also carried out regarding 3- (R) - [1-tert- 
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butoxycaxbonylamino-1- {thiazol-2-yl) methyl] -1- [1- (R) - 
pher^lethyl] pyrrolidine [E2] (83%) . 
[Fl]; 

^H-N^4R (400 MHz, CDCI3) 5: 1.43 (9 H, s) , 1.65 - 1.84 (1 H, m) , 1.84 

- 2-00 (1 H, m) , 2.75 - 2,91 (1 H, m) , 3.22 - 3.39 (2 H, m) , 3.47 - 
3.68 (2 H, m), 4.98 - 5.12 (1 H, m) , 5.12 (2 H, s) , 5.53 - 5.62 (1 
H, m), 7.24 - 7.35 (6 H, m) , 7.71 (1 H, d, J = 3.42 Hz). 

[F2]; 

^H-NMR (400 MHz, CDCI3) 5: 1,43 (9 H, s) , 1.74 - 1.91 (1 H, m) , 1.95 

- 2.09 (1 H, m) , 2.76 - 2.89 (1 H, m) , 3.14 - 3.22 (1 H, m) , 3.29 - 
3.39 (1 H, m), 3.49 - 3.64 (2 H, m) , 4.97 - 5.09 (1 H, m) , 5.11 (2 
H, 3), 5.38 - 5.47 (1 H, m) , 7,25 - 7.35 (6 H, m) , 7.71 (1 H, d, J 
= 3.42 Hz) . 

[Reference Example 30] 

'3- (R) [l-=Amino-l- (thia.zol-2-^ -1-^pyrrolidine . ^ 

di-toifluoroac3etate [Fl] , [F2] 

3- (R) - [l-Tert-butx>xycazix>nylamino-l- (thia2ol-2-yl) methyl] - 
1-benzyloxycarbonylpyrrolidine [Fl] (480mg, 1.15inmol) wasmixedwith 
trifluoroaoetic acid (10 ml) , and the mixture was stirred at rocm 
tenperature for 1 hour and then heated under reflux for 17 hours . After 
spontaneous cooling , the solvent was ev;^K>ratediinder a reduoedpressure 
and the resulting residue was mixed with toluene (10 ml) . By again 
evaporating the solvent under a reduoedpressxire, 473rog (quantitative) 
of the crude title conpound was obtained as a colorless oil. This 
was used in the subsequent reaction without purification. 

The same reaction was also carried out regarding 3- (R) - [1-tert- 
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butoxynarborylamino-1- (thia2ol-2-yl) methyl] -1- 
benzylo3^carborr^lpyirrolxdine [F2] . 
[Inventive Exaznple 13] 

5-Amino-7" [3- (R) - (l-amino-l- (thiazol-2-yl) methyl) -1- 
pyrrolidiryl] -6,8-dif luoro-1- [2- (S) -fluoro-l- (R) -cyclopropyl] - 
1 , 4-dihydro-4-oxc)quinoline-3-ca3d303cylic acid [Fl] 

3- (R) - [1-Anino-l- (thiazol-2-yl)metl:^l]pyrrolidine 
di-trifluoroac3etate [Fl] (473 mg, 1.15 mmol) was added to an 
aoetonitrile suspension (10 ml) of 
5-amino-6 , 7 , 8-trif luoro-1- [2- (S) -f luoro-1- (R) - 

cyclopropyl] -l,4-dilrydro-4-oxoquinoline-3-c»id^ acid (253 mg, 

0 . 8 mmol) , and the mixture was heated under reflux for 18 hours in 
the presence of trietl^lamine (3 ml) . After spontaneous cooling, the 
solvent of the reaction solution was ev;^x>rated under a reduoedpressure , 
"and- the-resul ting -residue~was-mixed- with concentrated 
acid (15 ml) and stirred at room tenperature for 5 minutes. This 
hydrochloric acid solution was washed with chloroform (20 ml x 3) and 
then adjusted to an alkaline liquid property by adding 30% sodium 
hydroxide au^eous solution under ice-cooling. This suspension was 
adjusted to a liquid property of pH 7.6 by adding concentrated 
hydrochloric acid and 1 mol/1 hydrochloric acid and then extracted 
withchlorofoim (100mlx3) . The organic layer was dried over anhydrous 
sodium sulfate and the solvent was evaporated under a reduoedpressure . 
This was purified by recrystallizing twice from ethanol to obtain 73 
mg (19%) of the title conpoimd as light yellow crystals. 
^H-Nb4R (400 MHz, 0.1 mol/1 NaOD) 5: 1.46 - 1.62 (2 H, m) , 1.74-1.86 
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(1 H, m) , 1.89 - 2.00 (1 H, m) , 2.71 - 2.84 (1 H, m) , 3.51 - 3,88 (5 

H, m) , 4.85 - 4.92 (0.5 H, m) , 5,01 - 5,08 (0.5 H, m) , 5.15 (1 H, d, 
J= 9,27 Hz), 7.50 (1 H, d, J = 3.42 Hz) , 7.72 (1 H, d, J = 3.42 Hz), 
8.19 (1 H, s) . 

Melting point: 237.2 - 241.6''C (deocnp.) 
Elemental analysis: for C2iH2oFiNsQ3S • 1 , 25H20 

Calod. : C, 50.25; H, 4.52; N, 13.95, 

Foiand : C, 50.10; H, 4.52; N, 14.09, 
[Inventive Example 14] 

5-Amino-7- [3- (R) - (l-amino-l- (thiazol-2-yl) methyl) -1- 
pycrolidirryl] -6 , 8-dif luoro-l- [2- (S) -f luoro-1- (R) -cyclopropyl] - 

I , 4-dihydro-4-oxoqLiinoline-3-carix>3cylic acid [F23 

3- (R) - [1-Amino-l- (thia2ol-2^1) methyl] pyrrolidine 
di-trifluoroac3etate [E2] (473 mg, 1.15 mnol) was adri*=H to an 
ac»tonitrile-suspension^(10 iia)^of -5-amino-6,, 7., 8-te 

f luoro-1- (R) -cyclopropyl] -1 , 4-dil^fdro-4-oxoquinoline--3-cazboxylic 
acid (253 mg, 0 . 8 mmol) , and the mixture was lieated under reflux for 
18 hours in the presence of triethylamine (3 ml) . After spontaneous 
cooling, the solvent of the reaction solution was ev^x^rated under 
a reduced pressure, and the resulting residue was mixed with 
concentrated hydrochloric acid ( 15 ml) and stirred at room tenperature 
for 5 minutes. This hydrochloric acid solution was washed with 
chloroform (20 ml x 3) and then adjusted to an cd.]caline liquid property 
by adding 30% sodium hydroxide aqueous solution xinder ice-cooling. 
This suspension was adjusted to a liquid property of pH 7 , 6 lay adding 
concentrated hydrochloric acid and 1 mol/1 hydrochloric acid and then 
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extracted with chloroform (100 ml x 3) . The organic layer was dried 
over anl^drous sodivim sulfate and the solvent was ev^»Drated under 
a reduced pressure . This was purified by recrystallizing twice f rem 
ethanol to obtain 113 rag (29%) of the title conpound as light yellow 
crystals. 

^H-NMR (400 MHz, 0 . 1 mol/1 NaOD) 5: 1.46 - 1.62 (2 H, m) , 1,74 - 1.86 
(1 H, m) , 1.90 - 2.00 (1 H, m) , 2.73 - 2.85 (1 H, m) , 3.58 - 3.88 (5 
H, m) , 4.84 - 4.92 (0.5 H, m) , 5.01 - 5.08 (0.5 H, m) , 5.15 (1 H, d, 
J = 9.27 Hz), 7.50 (1 H, d, J = 3.42 Hz), 7.72 (1 H, d, J = 3.42 Hz), 
8.19 (1 H, s) . 

Melting point: 236.4 - 239. 8°C (decc3n^.) 
Elemental analysis: for C2iH2oFiNsp3S - 1 . OH2O 

Calod. : C, 50.70; H, 4.46; N, 14.08. 

Found : C, 50.90; H, 4.42; N, 14.16. 
[R efe rence Exairple 31] 

1- [1- (R) -Phenylethyl] -4- (R) - [ (2-pyridyl) carbonyl] "2-pyrrolidone 

In an atmosphere of nitrogen and at -78*^0, n-butyl lithium (1.5 
mol/1 tetralr/drof uran solution ; 13 . 2 ml , 19 . 9 mnaol) was added dropwise 
to a tetrahydrofuran solution (40 ml) of 2-bromopyridine (1.94 ml, 
19 . 9 mmol) , and then the mixture was stirred for 10 minutes . At -78°C , 
to this was fvurther added dropwise a tetrahydrofviran solution (20 ml) 
of N-methyl-N-methoxy-1- [1- (R) --phenylethyl] -5-oxopyrrolidine-3- 
(R) -caxboxamide (3 . 66 g, 13 . 2 mmol) , and the mixture was stirred for 
30 minutes . The reaction solution was mixed with 1 mol/1 hydrochloric 
acid (200 ml) , warmed to room temperature and then extracted with 
diethyl ether (200 ml x 2) . The resulting organic layer was washed 
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with saturatedbrine (100 ml) and dried over anl^drous magnesiim sulfate . 
The solvent was ev^^)orated under a reduced pressure and the residue 
was applied to a silica gel column chrcmatography (silica gel 100 g) . 
By eluting with a n-hexanerethsfl acetate system of from (3:1) to (1:1) , 
1 . 97 g (52%) of the title cccpound was obtained as a light yellow oil . 
^H-NMR (400 MHz, CDCI3) 5: 1.54 (3 H, d, J = 7.08 Hz), 2.80 - 2.83 
(2 H, m), 3.35 (1 H, t, J = 9.37 Hz), 3.61 (1 H, dd, J = 6.35, 9.37 
Hz), 4.49 - 4.54 (1 H, m) , 5.54 (1 H, q, J = 7.08 Hz), 7.25 - 7.38 
(5 H, m), 7.47 - 7.50 (1 H, m) , 7.86 (1 H, dt, J= 1.71, 7.81 Hz), 
8.08 (1 H, d, J = 7.81 Hz), 8.64 - 8.65 (1 H, m) . 
[Reference Example 32] 

4- (R) - [l-Azido-l- (2-pyridyl) methyl] -1- [1- (R) -phenylethyl] -2- 
pyrrolidone [Fl] , [F2] 

Iftider ice-cooling, sodium borol^dride (233 rog, 6.15ninol) was 
added to a[ methanol (40 ml) solution of 1- [1- (R) -phenylethyl]^-4- (R)^-, 
[ (2-pyridyl) caibonyl] -2-pyrrolidone (1.81 g, 6.15 mnol), and the 
mixture was s tirredat the same tenperature for 30minutes . The reaction 
solution was mixed with saturated ammonium chloride aqueous solution 
(50 ml) , stirred at room temperature for 30 minutes and then extracted 
with chloroform (lOOmlx 3) . The organic layer was Wcished with saturated 
brine (50 ml) and dried over anhydrous sodiim sulfate. The solvent 
was ev^x>rated under a reduced pressure to obtain 2 . 23 g (quantitative) 
of 4- (R) - [1-hydroxy-l- (2-Tpyridyl) methyl] -1- [1- (R) -phenylethyl] -2- 
pyrrolidone as a colorless oil (1:1 mixture of isomers) . This was 
made into a dichlorcraethane (40 ml) solution, mixed with triethylamine 
(1.20ml, 8.61mmol) andmethanesulfonyl chloride (0.571ml, 7.38mmol) 
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under ice-ccx>ling and then stirred at room tenperature for 30 minutes . 
The reaction solution was washed with saturated ammonium chloride 
aqueous solution (SOial) and saturated brine {50 ml) , the organic layer 
was dried over anl^drous sodium sialfate, and then the solvent was 
evaporated under a reduced pressure. The resxilting residue wcis 
dissolved in N,N-dimethylformamide (15 ml) , TTtjyori with sodium azide 
(1.00 g, 15.4 mniol) and then heated at 50''C for 15 hours. After 
ioe-cooling, the reaction solution was mixed with water (50 ml) and 
extracted with ethyl acetate (50 ml x 2) , and the resulting organic 
layer was washed with water (40 ml x 3) and saturated brine (40 ml) 
and dried over anhydrous sodium sulfate . The solvent was ev^)orated 
under a reduced pressxire and the resulting residue was applied to a 
silica gel column chrccnatogr^hy (silica gel : 100 g) . By eluting with 
a n-hexane: ethyl acetate system of from (1:1) to (1:3) , 754 mg (38%) 
of tiie low polarity^ titte [Fl] and 651 mg (33%) of^the high 

polarity title compound [F2] were obtained in succession each as a 
colorless oil. 
[Fl]; 

^H-NMR (400 MHz, CDCI3) 5: 1.48 (3 H, d, J = 7.20 Hz), 2.52 - 2.55 
(2 H, m), 2.86 - 2.95 (2 H, m) , 3.13 (1 H, dd, J = 5.62, 9.28 Hz), 

4.50 (1 H, d, J = 7.32 Hz) , 5.47 (1 H, q, J = 7.20 Hz) , 7.23 - 7.34 
(7 H, m), 7.75 (1 H, dt, J= 1.71, 7.69 Hz), 8,58 - 8.60 (1 H, m) , 
[F2] ; 

^H-IMR (400 MHz, CDCI3) 5: 1.53 (3 H, d, J = 7.21 Hz) , 2.23 (1 H, dd, 
J = 7.81, 17.09 Hz) , 2.34 (1 H, dd, J = 9.03, 17.09 Hz) , 2.86 - 2.96 
(1 H, m) , 3,13 (1 H, dd, J= 8.06, 10.13 Hz) , 3,36 (1 H, dd, J = 6,35, 
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10.13 Hz) , 4.45 (1 H, d, J = 8.55 Hz) , 5.48 (1 H, q, J = 7.21 Hz) , 
7.26 - 7.36 (7 H, m) , 7.75 (1 H, dt, J = 1.71, 7.69 Hz) , 8.62 (1 H, 
d, J = 3 . 91 Hz) . 
[Referenoe Example 33] 

4" (R) - [l-Tert:-butoxyca3dx>rrylamino-l- (2-pyriciyl) methyl] -1- [1- (R) - 
phenyletlryl] -2^pyrrolidone [Fl] , [F2] 

An ethanol (30 ml) solution of 4- (R) - [1-azido-l- 
(2-pyridyl)ineti^l]-l-[l-(R)-phenyletl^l]-2-iyiTO [Fl] (619ing, 

1 . 93ninol) wasmixedwithlO%palladium-carbon catalyst (53 , 8%inoisture, 
62 0 ing) , and catalytic hydrogenation was canied out at roGm tenperature 
for 20 minutes under ordinary pressure. The reaction solution was 
filtered, and the solvent of the filtrate was ev^>ora ted under a reduced 
pressxire. A dichlorcmethane (20 ml) solution of the resulting residue 
was mixed with di-tert-butyl dicarbonate (463 mg, 2,12 nrool) and 
triethylamine (350 {il^ 2 .51 mmol) and-stirred at room tenperature for 
17 hours. The solvent was evaporated under a reduced pressure and 
the resulting residue was applied to a silica gel colvmm chromatogr^hy 
(silica gel, 40 g) . By eluting with a n-hexane : ethyl acetate system 
of from (1:1) to (1:3) , 750 mg (87%) of the title conpound [Fl] was 
obtained as colorless amorphous. 

The same reaction was also carried out jcegarding 4- (R) - 
[1-azido-l- (2 -pyridyl) methyl] -1- [1- (R) -phenyleth^l] -2"-pyrrolidone 
[E2] (50%). 
[Fl] ; 

^H-NMR (400 MHz, CDCI3) 8: 1.39 (3 H, d, J =7.20 Hz), 1,44 (9 H, s) , 
2.37 - 2.42 (1 H, m) , 2.48 - 2.54 (1 H, m) , 2.77 - 2.79 (1 H, m) , 2.89 
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- 2.94 (1 H, m) , 3.25 - 3.27 (1 H, m) , 4.82 - 4.84 (1 H, m) , 5.40 (1 
H, q, J= 7.20 Hz), 5.89 (1 H, d, J = 7,32 Hz), 7.19 - 7.32 (7 H, m) , 
7.65 (1 H, dt, J= 1.79, 7.69 Hz), 8.53 (1 H, d, J = 4.39 Hz). 
[F2]; 

^H-NMR (400MHz, CDCI3) 5: 1.42 (9 H, s) , 1,52 (3 H, d, J = 7.10 Hz), 
2.24 - 2.26 (1 H, m) , 2,66 - 2.72 (1 H, m) , 3.01 (1 H, dd, J = 8.33, 
10.04 Hz) , 3.35 (1 H, dd, J= 6,61, 10.04 Hz) , 4.72 (1 H, t, J = 8.33 
Hz) , 5.46 (1 H, q, J = 7,10 Hz) , 5.61 (1 H, d, J = 8.33 Hz) , 7.19 - 
7.34 (7 H, m), 7.64 (1 H, dt, J= 1.72, 7.72 Hz), 8,52 - 8.54 (1 H, 
m) . 

[Reference Exan$>le 34] 

3" (R) - [l-Tert-butoxycarboirylamino-l-- (2-pyridyl)metlryl] -1- [1- (R) - 
phenylethyl] pyrrolidine [Fl] , [F2] 

In an atmosphere of nitrogen , 1 Mborane- tetral^drof uran ooinplex 
(6 , 76 ml, -6 . 76 ninol) -was added dropwise to a- tetrahydrof uran.solution^ 
(15 ml) of 4- (R) - [1-tert-bfutoxycarixDnylamino-l- (2 -pyric^l) methyl] - 
1-[1-(R) -phenylethyl] -2 -pyrrolidone [Fl] (668 mg, 1.69 mmol) under 
ice-cooling, and then the mixture was stirred at room tenperature for 
16 hours , After evaporation of the solvent under a reduced pressure, 
the resulting residue was mixed with 80% hydrous ethanol (15 ml) and 
heated under reflux for 4 hours in the presence of triethylamine (1 
ml) . After spontaneous cooling of the reaction solution, the solvent 
was evaporated xmder a reduced presstire, chloroform (50 ml) was added 
to the resulting residue and then the organic layer was washed with 
water (40 ml) and saturated brine (40 ml) and dried over anhydrous 
sodium sulfate . The solvent was ev^x>rated under a reduced pressure 
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and the resulting residue was applied to a silica gel column 
chroroatogr^hy (silica gel, 20 g) . By eluting with a 
chloroform iinethanol system of frcm (100:0) to (95:5), 600 mg (93%) 
of the title CGonpoimd was obtained as vdiite crystals. 

The same reaction was also carried out regarding 4- (R) - [1-tert- 
butoxycarbor^lamino-l- (2-pyric^l)metl:vl] -1- [1- (R) -phei^lethyl] -2- 
pyrrolidone [F2] (87%) . 
[Fl]; 

^H-NMR (400 MHz, CDCI3) 5: 1.34 (3 H, d, J = 6.43 Hz) , 1.47 (9 H, s) , 
1.67 - 1.70 (1 H, m), 2.23 - 2.35 (4 H, m) , 2.67 - 2.69 (1 H, m) , 2.86 

- 2.91 (1 H, m) , 3.13 (1 H, q, J = 6.43 Hz) , 4.62 (1 H, t, J = 6.00 
Hz) , 6.35 (1 H, s) , 7.10 - 7.13 (1 H, m) , 7.13 - 7.33 (6 H, m) , 7.57 

- 7.62 (1 H, m), 8,50 (1 H, d, J = 4.16 Hz). 
[F2]; 

-^H-NMR (400 MHz, GDGla) 5: 1. 39 (3 H, d, J = 6. 61 Hz)„,„l .j46^(9„H,„s)_,. 
1.71 - 1.74 (1 H, m) , 1.91 - 1.94 (1 H, m) , 2.22 - 2.36 (3 H, m) , 2.66 
(1 H, s) , 2.94 - 2.95 (1 H, m) , 3.15 - 3.17 (1 H, m) , 4.60 - 4.63 (1 
H, m) , 6.60 - 6.69 (1 H, m) , 7.04 - 7.08 (1 H, m) , 7.21 - 7.32 (6 H, 
m) , 7.51 (1 H, dt, J = 1.71, 7,72 Hz) , 8.47 (1 H, d, J = 4.16 Hz) . 
[Reference Example 35] 

3- (R) - [l-Tert"buto3cycaztx>nylaminO"l" (2-pfyridyl) methyl] -1- 
benzyloxyca3±x3nylpyrrolidine [Fl] , [F2] 

In an atmosphere of nitrogen, benzyl chloroformate (728 \\\, 
5.09 mmol) was added dropwise to a dichloroethane solution (20 ml) 
of 3- (R) - [1-tert-butoxycarbonylamino-l- (2-pyrid7l) methyl] -1- [1- 
(R) -phenylethyl] -2-pyrrolidine [Fl] (648 mg, 1,70 nanol) under 
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ic3e-cooling and then the mixture was heated under ref ulx for 30 hours . 
After evaporation of the solvent under a reduced pressure, the residue 
was applied to a silica gel oolxmn chroniatograplxy (silica gel, 40 g) . 
Ey elu ting with a chloroform :znethanol system of f rem (100:0) to (97:3) , 
500 mg (72%) of the title conopound was dbtained as v^te crystals. 

The same reaction was also carried out regarding 3- (R) - [1-tert- 
butoxycarbonylamino-l- (2-pyridyl) methyl] -1- [1- (R) - 
phex^letl^l] pyrrolidine [F2] (61%) . 
[Fl]; 

^H-NMR (400 MHz, CDCI3) 8: 1.40 - 1.45 (1 H, m) , 1.42 (9 H, s) , 1.86 
" 1.94 (1 H, m), 2.59 - 2.62 (1 H, m) , 3.04 - 3.11 (1 H, m) , 3.22 - 
3.33 (2 H, m), 3.54 - 3.58 (1 H, m) , 4.66 - 4.72 (1 H, m) , 5.09 (2 
H, s), 5.71 - 5.73 (1 H, m) , 7.16 - 7.34 (7 H, m) , 7.63 (1 H, dt, J 
= 1.71, 7.59 Hz) , 8.53 (1 H, d, J = 3.92 Hz) . 

_ 

^H-Nb4R (400 MHz, CDCI3) 5: 1.42 (9 H, s) , 1.58 - 1.67 (2 H, m) , 2.61 

- 2.67 (1 H, m) , 3.27 - 3.55 (4 H, m) , 4,70 - 4.80 (1 H, m) , 5.10 (1 
H, s) , 5.12 (1 H, s) , 5.71 - 5.78 (1 H, m) , 7.17 - 7.36 (7 H, m) , 7.60 

- 7.63 (1 H, m), 8.55 (1 H, s) . 
[Reference Example 36] 

3- (R) - [l-Tert-butoxycca±>onylamino-l- (2^pyridyl) methyl] pyrrolidine 
[Fl], EE2] 

An ethanol (20 ml) solution of 3- (R) - [1-tert- 
butoxycarbonylamino-1- ( 2 -pyridyl) methyl] -1- 

benzyloxyca3±xDnylpyrrolidine [Fl] (500 mg, 1.22 mmol) was mixed with 
10% palladium-carbon catalyst (53. 8% moisture, 500 mg) , and catalytic 
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l^drogenation was carried out at room tenperature for 18 hours under 
ordinary pressure . The reaction solution was filtered and the solvent 
of the filtrate was evaporated under a reduced pressure to obtain the 
canade title nf xfr pound as colorless crystals. This was used in the 
subsequent reaction without purification. 

The same reaction was also carried out regarding 3- (R) - [1-tert- 
but03cycarfx5i^lamino-l- (2 -pyridyl) methyl] -1- 
benzylo3cycarbonylpyrrolidine [E2] . 
[Inventive Example 15] 

5-AminO"7-{3- (R) - [1-amino-l- (2-pyridyl)inetlyl] -l-pyrrolidinyl}-6, 
8-dif luorO"l- [ (1R,2S) "2-f luorocycloprqpyl] -1 , 4-dihydro-4" 
oxoquinoline-3-caifao3cylic acid 

3- (R) - [l-Tert-buto3cycarbonylamino-l- (2- 
pyridyl)inetl^l]pyrrolidine [Fl] (339 mg, 1.22 mnol) was added to an 
aoetonitrile suspension^ (10 ml)^ _ 
f luoro-1- (R) -cyclopropyl] -1 , 4-dil^dro-4-oxoquinoline-3-caj±>03cylic 
acid (316 mg, 1 . 00 mznol) , and the mixture was heated under reflux for 
14 hours in the presence of triethylamine (0.5 ml) . After cooling, 
the solvent of the reaction solution was evaporated under a reduced 
pressure . The resulting residue was dissolved in chloroform (150 ml) , 
this was washed with 10% citric acid (80 ml) and saturated brine (80 
ml) and dried over anhydrous sodium sialfate, and then the solvent was 
evaporated under a reduced pressure . The resulting residue was mixed 
with concentrated hydrochloric acid (10 ml) under ice-cooling, further 
mixed with 1 mol/1 hydrochloric acid aqueous solution (5 ml) at rocxn 
temperature and then washed with chloroform (50mlx4) , and the insoluble 
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matter was removed by filtration. This hydrochloric acid aqueous 
solution was adjusted to an alkaline liquid property by adding 10 mol/l 
sodiim hydroxide aqueous solution . This suspension was adjusted to 
a liquid property of pH 7 . 4 by adding concentrated hydrochloric acid 
and 1 mol/l hydrochloric acid and then extracted with chloroform (150 
ml X 4) . The resulting organic layer was dried over anl^drous sodium 
sulfate and the solvent was ev^>orated under a reduced pressure to 
obtain the crude title conpound as light yellow crystals . This was 
purified by recrystallizing from ethanol to obtain 316 mg (67%) of 
the title ccnopound. 

^H-NMR (400 MHz, 0.1 mol/l NaOD) 8: 1.45 - 1.47 (2 H, m) , 1.75 - 1.77 
(1 H, m) , 2.25 - 2.27 (1 H, m) , 2.48 - 2.50 (1 H, m) , 2.97 - 3.00 (1 
H, m), 3.30 - 3.83 (5 H, m) , 4.76 (1 H, br. d, J = 62.50 Hz), 7.35 
- 7,44 (2 H, m) , 8.52 (1 H, t, J = 7.81 Hz) , 8.12 (1 H, s) , 8.46 (1 

H, d, J .= 4 .39 .Hz) . ._ ^ 

Melting point: 194 - 196°C 

Elemental analysis: for 0 . 5H2O • 0 . 5EtOH • C23H22FiNsa3 

Calcd, : C, 57.03; H, 5.18; N, 13.85. 

Found : C, 57.03; H, 5.11; N, 13.85. 
[Inventive Exanqple 16] 

5-Amino-7-{3- (R) - [1-amino-l- (2-pyridyl) methyl] -l-pyrrolidinyl}"6, 
8-dif luoro"l" [ (1R,2S) "2-f luorocyclopropyl] -1 , 4-dihydro-4- 
oxoquinoline-3-carboxylic acid 

3- (R) - [l-Tert-l3uto3r^carbonylamino-l- (2- 
pyridyl) methyl] pyrrolidine [F2] (0.535 mtnol) was added to an 
aoetonitrile suspension (5 ml) of 5-amino-6 , 7 , 8-trif luoro-1- [2- (S) - 
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f luoro-1- (R) -cyclopropyl] -1 , 4-dil^dro-4-oxoquijiolijie-3-carboxylic 
acd.d (169 mg, 0.534 inmol) , and the mixture was heated under reflxix 
for 19 hours in the presenoe of triethylamine (0 . 5 ml) , After cooling, 
the solvent of the reaction solution was evaporated imder a reduced 
pressure. The resulting residue was dissolved in chlorofozm (50 ml) , 
this was washed with 10% citric acid (40 ml) and saturated brine (40 
ml) and dried over anhydrous sodium sulfate, and then the solvent was 
evaporated under a reduced pressxire . The resulting residue was mixed 
with concentrated hydrochloric acid (5 ml) under ice-cooling, further 
mixed with 1 mol/1 hydrochloric acid aqueous solution (5 ml) at room 
tenperature and then washed with chloroform (50 ml x 5) . This 
hydrochloric acid aqueous solution was adjusted to an alkaline liquid 
property by adding 10 inol/1 sodium hydroxide aqueous solution and then 
stirred at room tenoperature for 1 hour . This suspension was adjusted 
to a liquid propeirty of pH 7 . 4 by adding concentrated hydrochlp 
acid and 1 mol/1 hydrochloric acid and then extracted with chloroform 
(150 ml X 3) . The resulting organic layer Wcis dried over anl^drous 
sodium sulfate and the solvent was ev^>orated under a reduced pressure 
to obtain the crude title ccnopound as light yellow crystals . This 
was purified by recrystallizing from ethanol to obtain 136 rog (54%) 
of the title ccmpound. 

^H-NMR (400 MHz, 0,1 mol/1 NaOO) 5: 1.52 - 1.54 (3 H, m) , 2.49 - 2.51 
(2 H, m) , 3.41 - 3.86 (6 H, m) , 4,69 - 4.77 (1 H, m) , 7,35 - 7.42 (2 
H, m), 7.82 - 7.86 (1 H, m) , 8.17 (1 H, s) , 8.46 (1 H, s) , 
Melting point: 178 - 180°C 

Elemental analysis: for 0 . 75H20 • C23H22F3NSO3 
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Calcxi. : C, 56.73; H, 4.86; N, 14.38. 
Found : C, 56.50; H, 4.81; N, 14.29. 
[Inventxve Exaoiple 17] 

5-Ainino-7-{3- (R) - [l-amino-l- (2--pyrxdyl) methyl] -l-pyrrolidinyl}"6- 
f luoro-1- [ (IR, 2S) -2-f luorocyclopropyl] -1 , 4-dihydro-8-inethyl-4- 
oxoquiiioline-3-caxfaQxylic acid (F2: D91-5400) 

3- (R) - [l-Tert-butoxycazi»irflaiaino-l- (2- 
pyridy'l) methyl] pyrrolidine [E2] (1.00 xtanol) was added to a dimethyl 
sialf oxide suspension (3 ml) of 5-amino-6,7-trifluoro-l- [2- (S) - 
f luoro-1- (R) -cycloprqpyl] -1 , 4-dil:^dro-8-methyl-4-oxoquinoline-3- 
cai±>oxylic acid (284 mg, 0 . 910 mmol) , and the mixture was stirred at 
80°C for 93 hours in the presence of N-methylpiperidine (0.146 ml, 
1.09 mtnol) . After cooling, the solvent of the reaction solution was 
evaporated under a reduced pressure. The resulting residue was 
dissolved-in chloroform (50 ml) , this was washed with 10*^citric acid 
(50 ml) and saturated brine (40 ml) and dried over anl^drous sodium 
sulfate , and then the solvent was evaporated under a reduced pressure . 
The resulting residue was applied to a silica gel column chromatogr^hy 
(silica gel, 40 g) and eluted with a chloroform .-methanol system of 
from (100:0) to (98:2) and then the solvent in the eluate was ev^xDrated 
under a reduced pressure. The resulting residue was m-iy^ with 
concentrated hydrochloric acid (5 ml) under ice-cooling, fiirther mixed 
with 1 mol/1 hydrochloric acid aqueous solution (5 ml) at room 
tenperature and then washed with chloroform (50 ml x 4) . This 
hydrochloric acid aqueous solution was adjusted to an alkaline liquid 
property by adding 10 mol/1 sodium hydroxide aqueous solution. This 
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suspension was adjusted to a liquid property of pH 7 . 4 by adding 
concentrated hydrochloric acid and 1 mol/l hydrochloric acid and then 
extracted with chloroform (150 ml x 3) . The resulting organic layer 
was dried over anl^drous sodium sulfate, the solvent was ev^>orated 
under a reduced pressure and then the resulting residue was p>artially 
purified by PTIX: (Whatman, ELK5F, 150 A) to obtain the crude title 
ccn^xaund as light yellow crystals. This was purified by 
recrystallizing from isoprcpyl alcohol to obtain 70 . 0 mg (16%) of the 
title conpound. 

^H-NMR (400 MHz, 0-1 mol/l NaOO) 5: 1.02 - 1.11 (1 H, m) , 1.46 - 1,59 
(2 H, m), 2.20 - 2.26 (1 H, m) , 2.23 (3 H, s) , 2.58 - 2.61 (1 H, m) , 
3.13 - 3.17 (1 H, m) , 3.45 - 3.64 (3 H, m) , 3.87 - 3.92 (2 H, m) , 4.78 
- 4.83 (1 H, m), 7.34 - 7.45 (2 H, m) , 7.85 - 7.87 (1 H, m) , 8.27 (1 
H, s) , 8.45 (1 H, s) . 

~ Melting-point :"~i27^^— - 

Elemental analysis: for 1 .25H20-C24H25F^503 
Calcd. : C, 58.59; H, 5.63; N, 14.23. 
Found : C, 58.69; H, 5.52; N, 14.25. 
[Reference Example 37] 

1- [1- (R) -Phenylethyl] -4- (R) - [ (3-pyridyl) carbonyl] -2-pyrrolidone 

In an atmosphere of nitrogen and at -78°C, n-butyl lithium (1.5 
mol/ 1 tetrahydrof txran solution ; 18 . 1 ml , 27 . 2 mmol) was added dropwise 
to a tetrahydrofuran solution (200 ml) of 3-bromopyriddLne (2.61 ml, 
27 . 2 mmol) , and then the mixture was stirred for 10 minutes . At -78°C , 
to this was further added dropwise a tetrahydrofuran solution (15 ml) 
of N-methyl-N-methoxy-1- [1- (R) -^^henylethyl] -5-oxopyrrolidine-3- 
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(R) -caxboxamide (5 . 00 g, 18 . 1 ninol) , and the mixture was stirred for 
30 minutes . The reaction solution was mixed with 1 mol/1 hydrochloric 
acid (100 ml) , warmed jjp to room temperature and extracted with 
chloroform (200 ml x 2) , and then the resulting organic layer was washed 
with saturated brine (100 ml) and dried over anlr^drous sodium sulfate , 
The solvent was evaporated under a reduced pressirce and the resulting 
residue was ^^plied to a silica gel column chromatogr^shy (silica gel 
100 g) . By eluting with a n-hexane : etl^l acetate system of from (1 : 4) 
to (0 : 100) , 2 . 16 g (41%) of the title ccnpound was obtained as a light 
yellow oil. 

^H-NMR (400 MHz, CDCI3) 5: 1.56 (3 H, d, J = 7.32 Hz), 2.82 (2 H, d, 
J= 7.32 Hz) , 3.20 - 3.27 (1 H, m) , 3.70 - 3.74 (1 H, m) , 3.97 - 4.01 

(1 H, m), 5.51 - 5.55 (1 H, m) , 7.26 - 7.47 (6 H, m) , 8.21 (1 H, d, 
J = 8.06 Hz) , 8.81 (1 H, d, J = 4.39 Hz) , 9.09 (1 H, s) . 

[Refer^oe " ExS^le~38 ] — — — 

4- (R) " [1-Azido-l- (3-pyridyl)roethyl] -1- [1- (R) -phenylethyl] -2- 
pyrrolidone [Fl] , [F2] 

Under ice-cooldLng, sodium borohydride (580 mg, 15.3imnol) was 
added to a methanol (90 ml) solution of 

1- [1- (R) ^henylethyl] -4- (R) - [ O-pyridyl) carbonyl] -2--pyrrolidone 
(4.51g, 15.3mmol), and the mixture was stirred at the same tenperature 
for 30 minutes . The reaction solution was mixed with saturated ammonium 
chloride aqueous solution (50 ml) , stirred for 30 minutes and then 
extracted with ethyl acetate (100 mix 3) . The organic layer was washed 
with saturatedbrine (50ml) and then dried over anhydrous sodium sulfate. 
The solvent was eva^x^rated under a reduced pressure to obtain 3 . 88 
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g (86%) of a synthesis intermediate 4- (R) -[l-hydroay-l- (3- 
pyricfyl)inetl^l] -1- [1- (R) -phenylethyl] "2-pyrrolidone as a colorless 
oil- This was made into a dichlorcnoethane (100 ml) solution, mixed 
with triethylamine (3.10 ml, 22.3 mmol) and methanesulfonyl chloride 
(1.52 ml, 19.7 mnol) londer ioe-cooling and then stirred at room 
tennperature for 30 minutes. The reaction solution was washed with 
saturated anmoniimi chloride aqueous solution (100 ml) and saturated 
brine (100ml) , the organic layer was dried over anhydrous sodiimisTilf ate, 
and then the solvent was evaporated under a reduced pressure. The 
resulting2:esiduewasdissolvedinN,N-dimethylformamide (30ml) , mixed 
with sodium azide (2.49 g, 32.8 mtnol) and then heated at 40°C for 14 
hours . After ioe-cooling, the reaction solution was Tnix*=>d with water 
(100 ml) and extracted with ethyl acetate (100 ml x 2) , and the resultdLng 
organic layer was washed with water (80 ml x 3) and saturated brine 
(80 ml) and dried over anhydrous sodium sulfate. The solvent ,was 
evaporated under a reduced pressure and the resulting residue was 
applied to a silica gel column chromatography (silica gel: 100 g) , 
By eluting with n-hexane : ethyl acetate (3:5) , ethyl acetate and 
chloroform: methanol (90:10) , 976 mg (23%) of the low polarity title 
compound [Fl] and 1.73 g (41%) of the high polarity title ccarpoiand 
[F2] were obtained in succession each as a colorless oil, 
[Fl] ; 

^H-NMR (400 MHz, CDCI3) 5: 1.48 (3 H, d, J = 7.08 Hz), 2.54 - 2.64 
(3 H, m) , 2.82 - 2.86 (1 H, m) , 2.96 (1 H, dd, J = 5.86, 10.01 Hz) , 
4.44 (1 H, d, J = 7.33 Hz) , 5.48 (1 H, q, J = 7.08 Hz) , 7.21 - 7.62 
(6 H, m) , 7.64 (1 H, d, J = 6.10 Hz) , 8.54 (1 H, d, J= 1.95 Hz) , 8.63 
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(1 H, dd, J = 1.47, 4,86 Hz) . 
[F2]; 

^H-NMR (400 MHz, CDCI3) 8: 1,54 (3 H, d, J = 7.08 Hz), 2.11 - 2,18 
(1 H, m) , 2.26 - 2.33 (1 H, m) , 2.56 - 2.68 (1 H, m) , 3.13 - 3.20 (2 

H, m) , 4.43 (1 H, d, J = 9.28 Hz) , 5.46 - 5,53 (1 H, m) , 7.24 - 7,38 
(6 H, m) , 7.63 (1 H, dt, J = 1.95, 7.81 Hz) , 8.57 (1 H, d, J = 2,20 
Hz), 8.64 (1 H, dd, J = 1.71, 4.88 Hz). 

[Reference Example 39] 

4- (R) " [l-Tert:-baitoxycarix3nylamino-l- (3-pyridyl) methyl] -1- [1- (R) - 
phenylethyl] -2-pyrrolidone [Fl] , [E2] 

An ethanol (30 ml) solution of 4- (R) - [1-azido-l- (3- 
pyrid7l)inetlr7l]-l-[l-(R) -phenylethyl] -2-py2:xolidoM [Fl] (976 ing, 
3,04incnol) wasmixedwithl0%palladixim-ca3±>on catalyst (53. 8%mo±sture, 

I . 00 g) , and catalytic hydrogenation was carried out at room t^gmperature 
fori hour under ordinary pressure. — The reaction solution was filtered,^ 
and the solvent of the filtrate was evaporated under a reduced pressure . 
A dichlorcmethane (20 ml) solution of the resulting residue was Tn-ivciH 
with tert-butyl dicarbonate (729 mg, 3.34icttnol) and triethylamine (551 
\xl, 3.95minol) andstirredat room ten^jerature for 16 hours . Thesolvent 
was evaporated under a reduced pressure and the resxalting residue was 
^^plied to a silica gel column chromatography (silica gel, 20 g) . By 
eluting with a chloroform: methanol system of from (100:0) to (95:5) , 
654 mg (54%) of the title compound [Fl] was obtained as colorless 
amorphous . 

The same reaction was also carried out regarding 4- (R) - [1-azido- 
1" O-pyridyl) methyl] -1- [1- (R) -phenylethyl] -2-pyrrolidone [F2] 
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(36%) . 
[Fl] ; 

^H-NMR (400 MHz, CDCI3) 5: 1.41 (9 H, s) , 1.47 (3 H, d, J = 7.32 Hz) , 
2.44 - 2.50 (1 H, m) , 2.57 - 2.64 (1 H, m) , 2.63 - 2.67 (1 H, m) , 2.83 

- 2.87 (1 H, m) , 2.97 - 3.01 (1 H, m) , 4.68 - 4.72 (1 H, m) , 4.91 - 
4.95 (1 H, m) , 5.48 (1 H, q, J = 7.32 Hz) , 7.21 - 7.32 (6 H, m) , 7.55 
(1 H, d, J = 7.81 Hz), 8.52 - 8.55 (2 H, m) . 

[F2]; 

^H-NMR (400 MHz, CDClg) 5: 1.39 (9 H, s) , 1.53 (3 H, d, J = 7.17 Hz) , 
2.13 (1 H, dd, J= 8.08, 16.9 Hz) , 2.27 (1 H, dd, J = 8.57, 16.4 Hz) , 
2.61 - 2.65 (1 H, m) , 3.11 - 3.16 (1 H, m) , 3.25 - 3.30 (1 H, m) , 4.62 

- 4.66 (1 H, m), 4.77 - 4.81 (1 H, m) , 5.48 (1 H, q, J = 7.17 Hz), 
7.26 - 7.36 (6 H, m) , 7.54 (1 H, d, J = 7.35 Hz), 8.54 (2 H, dd, J 
= 1.71, 4.90 Hz) . 

[Reference' Exanple 40] . 

3- (R) - [l-Teri:-butoxyccU±X3nylamiiio-l- (3-pyric^l)inethyl] -1- [1- (R) - 
phenylethyl] pyrrolidine [Fl] , [F2] 

In an atmosphere of ni-trogen , 1 Mborane- tetrahydrof \aran conplex 

(7 . 74 ml, 7 . 74 nmol) was add«?d dropwise to a tetrahydrofiiran solution 

(12 ml) of 4- (R)-[l-tert-butoxycaiix>nylamino-l-(3-pyridyl) methyl] - 
1- [1- (R) -phenylethyl] -2-pyrrolidone [Fl] (612 mg, 1.55 nmol) under 
ice-cooling, and then the mixture was stirred at rocm temperature for 
18 hovirs . After evc^ration of the solvent under a reduced pressure, 
the resulting residue was dissolved in 80% hydrous ethanol (20 ml) 
and heated iinder ref Ivix for 4 hours in the presence of triethylamine 

(1 ml) . After spontaneous cooling of the reaction solution , the solvent 
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was ev^xsrated iinder a reduced pressiare , chloroform (40 ml) was a*i*^*=*d 
to the resultdlng residue and then the organic layer was washed with 
water (30 ml) and saturated brine (30 ml) and dried over anhydrous 
sod i u m sulfate . The solvent was evaporated under a reduced pressure 
and the resulting residue was ^Tplied to a silica gel column 
chromatogr^hy (silica gel, 10 g) • By eluting with a 
chloroform: methanol system of frcm (100:0) to (97:3), 461 mg (78%) 
of the title ccnopound was obtained as \diito crystals. 

The same reaction was also carried out regarding 4- (R) - [1-tert- 
butoxycarboir^lamino-1- (3-pyric^l)metlr^l] -1- [1- (R) -phenylethyl] -2- 
pyrrolidone [F2] (71%) . 
[Fl]; 

^H-NMR (400 MHz, OXTla) 5: 1.37 (3 H, d, J = 6.59 Hz), 1.49 (9 H, s) , 
2.17 - 2.25 (2 H, m) , 2.42 - 2.45 (2 H, m) , 2.95 - 3.16 (2 H, m) , 4.53 

- 4.57 (1 H, m) , 6.44 - 6.48 (1 H, m) , 7.21 -^7.35 (6 H,-m).,--7..52^^^^ 
7.54 (1 H, m), 8.46 (1 H, dd, J = 1.47, 4.88 Hz), 8.50 (1 H, s) . 
[F2] ; 

^H-NMR (400 MHz, CDCI3) 5: 1.41 (3 H, d, J = 6.59 Hz) , 1.47 (9 H, s) , 
2.00 - 2.04 (2 H, m) , 2.20 - 2.26 (1 H, m) , 2.36 - 2.41 (2 H, m) , 3.14 

- 3.21 (2 H, m), 4.53 - 4.56 (1 H, m) , 6.99 - 7,01 (1 H, m) , 7.10 - 
7.13 (1 H, m), 7.26 - 7.35 (6 H, m) , 8.35 - 8.39 (2 H, m) . 
[Reference Example 41] 

3- (R) - [l-Tert-butoxycai±)onylamino-l- (3-pyridyl) methyl] pyrrolidine 
[Fl], [F2] 

An ethanol (10 ml) solution of 3- (R) - [1-tert- 
butoxycarbonylamino-1- ( 3 -pyridjfl) methyl] -1- [1- (R) - 
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phenylethyl] pyrrolidine [Fl] (105 mg, 0.275 xmnol) was mixed with 10% 
palladium-caiixjn catalyst (53.8% moisture, 105 ing) , and catalytic 
l^drogenation was carried out at 40''C for 23 hours under ordinary 
pressure. The reaction solution was filtered and the solvent of the 
filtrate was evaporated iinder a reduced pressrire to obtain the crude 
title coonpound as colorless crystals . This was directly used in the 
subsequent reaction. 

The same reaction was also carried out regarding 3- (R) - [1-tert- 
buto3cyca3±)onylamino-l- (3-pyrid7l) methyl] -1- [1- (R) - 
phenylethyl] pyrrolidine [F2] . 
[Inventive Exanple 18] 

5-Jtoino-7-{3- (R) - [1-amino-l- ( 3 -pyridyl) methyl] -l-pyrrolidinyl}-6, 
8-dif luoro-1- [ (IR, 2S) -2-f luorocyclcspropyl] -1 , 4-dihydro-4" 
oxoquinoline-3"carbo3cylic acid 

— 3- (R) - [lT^Tert-l3(utoxycarbonylamino-l--(3= . 

pyriciyl)metl^l] pyrrolidine [Fl] (70 mg, 0.252 mmol) was added to an 
aoetonitrile suspension (3 ml) of 5-amino-6 , 7 , 8-trif luoro-1- [2- (S) - 
f luoro-1- (R) -cyclcpropyl] -1 , 4-dihydro-4-oxoquinoline-3-carbo3ylic 
acid (87.0 mg, 0.275 mmol) , and the mixture was heated \inder reflux 
for 19 hours in the presence of triethylamine (0 . 3 ml) . After cooling, 
the solvent of the reaction solution was ev^x^rated under a reduced 
pressure , The resulting residue was dissolved in chloroform (50 ml) , 
this was washed with 10% citric acid (40 ml) and saturated brine (40 
ml) and dried over anhydrous sodium svilfate, and then the solvent was 
ev^x>rated vinder a reduced pressure . The resulting residue was mixed 
with concentrated hydrochloric acid (2 ml) under ice-cooling , further 
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mixed with 1 mol/l hydrochloric acid aqueous solution (2 ml) at room 
tenperature and then washed withchlorofozm (30mlx4) , andtheinsolvible 
matter was removed by filtration. This hydrochloric acid solution 
was adjusted to an alkaldLne liquid property by adding 10 mol/l sodium 
hydroxide aq[ueous solution . This suspension was adjusted to a liquid 
property of pH 7 . 4 by adding concentirated hydrochloric acid and 1 mol/l 
hydrochloric acid and then extracted with chloroform (150 ml x 3) . 
The resulting organic layer was dried over anlv/drous sodium sulfate 
and the solvent was evc^x>rated under a reduced pressure to obtain the 
crude title compound as light yellow crystals . This was purified by 
recrystallizing from ethanol-aqueous ammonia to obtain 65 . 1 mg (54%) 
of the title oooopound. 

^H-NMR (400 MHz, 0.1 mol/l NaOD) 5: 1.32 - 1.38 (2 H, m) , 1.54 - 1.58 
(1 H, m) , 2.19 - 2,21 (1 H, m) , 2.30 - 2.35 (1 H, m) , 2.79 - 2.81 (1 

H7-m)~3v08 - 3 .-10- (-l H^m) ,-^ . 34-- .3 . 69-^(4 

H, dm) , 7.43 (1 H, d, J = 7.57 Hz) , 7.79 (1 H, d, J ^ 7.57 Hz) , 8.12 
(1 H, s), 8.43 - 8.45 (2 H, m) . 
Melting point: 263 - 265''C (decomp.) 
Elemental analysis: for 0.25H2O-C23H22F:^sP3 

Calcd. : C, 57.80; H, 4.74; N, 14.65. 

FoTind : C, 57.62; H, 4.81; N, 14.30. 
[Inventive Exan^^le 19] 

5-Amino-7-{3" (R) - [1-amino-l- (3-pyric^l) methyl] -l-pyrrolidinyl}-6, 
8-dif luoro-1- [ (IR, 2S) -2-f luorocyclopropyl] -1 , 4-dihydro"4- 
oxoquinoline-3-carbo3cylic acid 

3- (R) - [ 1 -Ter t-bu toxyra rhonylamino- 1 - (3- 
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pyridyl)inetl:vl] pyrrolidine tF2] (0.461 mmol) was added to an 
acetonitrile s\ispension (5 ml) of 5-amino-6 , 7 , 8-trif luoro-1- [2- (S) - 
f luoro-1- (R) -cycaopropyl] -1 , 4-dilrydro-4-oxoquinoline-3-carboxylic 
acid (156 mg, 0.493 mmol) , and the mixture was heated under reflux 
for 19 hours in the presence of triethylamine (0 , 5 ml) . After cooling, 
the solvent of the reaction solution was ev^x^rated under a reduced 
pressiire. The resulting residue was dissolved in chloroform (50 ml) , 
this was washed with 10% citric acid (40 ml) and saturated brine (40 
ml) and dried over anhydrous sodium sulfate, and then the solvent was 
evaporated under a reduced pressure . The resulting residue was mixed 
with concentrated hydrochloric acid (5ml) under ice-cooling, further 
mixed with 1 mol/1 hydrochloric acid aqueous solution (5 ml) at room 
te m perature and then washed with chloroform (50 ml x 5) . This 
hydrochloric acid aqueous solution was adjusted to an alkaline liquid 
property by adding lO moiy i so^ 

adjusted to a liquid property of pH 7 . 4 by adding concentrated 
hydrochloric acid and 1 mol/1 hydrochloric acid and then extracted 
with chloroform (150 ml x 3) , The resulting organic layer was dried 
over anhydrous sodixmi sulfate and the solvent was evaporated vmder 
a reduced pressure to obtain the crude title ccrapound as light yellow 
crystals . This was purified by recrystallizing from ethanol to obtain 
71.5 mg (32%) of the title ccnpomd. 

^H-NMR (400 MHz, 0.1 mol/1 NaOD) 6: 1.36 - 1.45 (2 H, m) , 1.53 - 1,59 
(2 H, m) , 2.42 - 2.47 (1 H, m) , 3.40 - 3.81 (6 H, m) , 4.95 - 5.01 (1 
H, dm) , 7.46 (1 H, d, J = 6.35 Hz) , 7.83 (1 H, d, J = 7.57 Hz) , 8.18 
(1 H, s), 8.44 - 8.48 (2 H, m) . 
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Melting point: 123 - 126°C 

Elemental analysis: for IH2O • C23H22F3N5f>3 

Calod. : C, 56.21; H, 4.92; N, 14.25. 

Foxond : C, 56.43; H, 4.87; N, 14.05. 
[Inventive Example 20] 

5-itoino-7"{3- (R) - [1-amino-l- (3-pyridyl)inethyl] -l-pyrrolidinyl>-6- 
f luoro-1- [ (1R,2S) -2-f luorocycloprcapyl] -1 , 4-dihydro-8"roethyl-4- 
oxoqainoline-3-narbo3cylic acid 

3- (R) - [l-Tert-butoxycaiix>nylamino-l- (3- 
pyrid/l) methyl] pyrrolidine [F2] (1.60 mmol) was added to a dimethyl 
sulfoxide suspension (3 ml) of 5-amino-6, 7-trif luoro-1- [2- (S) - 
f luoro-1- (R) -cyclopropyl] -1 , 4-dihydro-8-inethyl-4-oxoquinoline-3- 
carboxylic acid (427 mg, 1.33 mmol) , and the mixture was stirred at 
80°C for 161 hours dLn the presence of N-methylpiperidine (0.356 ml, 
2 .93 imnol) : After cooliiig,- the^solvent of the reaction solution was 
ev^jorated xrnder a ireduoed pressure. The resulting residue was 
dissolved in chloroform (100 ml) , this was washed with 10% citric acid 
(50 ml) and saturated brine (40 ml) and dried over anhydrous sodium 
sulfate , and then the solvent was evaporated under a reduced pressure . 
The resxilting residue was mixed with concentrated hydrochloric acid 
(5 ml) under ice-cooling, further mixed with 1 mol/1 hydrochloric acid 
aqueous solution (5 ml) at room tenperature and then wcished with 
chloroform (30 ml x 4) . This hydrochloric acid aqueous solution was 
adjusted to an cLLkaldLne liquid property by adding 10 mol/1 sodium 
hydroxide aqueous solution . This suspension was adjusted to a liquid 
property of pH 7 . 4 by adding concentrated hydrochloric acid and 1 mol/1 
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hydrcxdiloric acid and then extracted with chloroform (150 ml x 3) . 
The resxilting organic layer was dried over anl^drous sodiiam sulfate, 
the solvent was ev^x^rated imder a reduced pressure and then the 
resulting residue was partially purified by PTLC (Pflhatman, PIiKSF, 150 
A) to obtain 100 mg of the crude title ccanpound as light yellow crystcJ.s . 
This was purified by recrystallizing frcm isoprcpyl alcohol to obtain 
62.2 mg (10%) of the title compound. 

^H-NMR (400 MHz, 0.1 mol/1 NaOD) 5: 1.04 - 1.06 (1 H, m) , 1.11 - 1.13 
(1 H, m) , 1.45 - 1.49 (2 H, m) , 1.58 - 1.60 (1 H, m) , 2.23 (3 H, s) , 
2.56 - 2.59 (1 H, m) , 3.14 - 3.16 (1 H, m) , 3.49 - 3.51 (1 H, m) , 3.59 
" 3.62 (2 H, m), 3.85 - 3.89 (2 H, m) , 4.88 - 5.04 (1 H, dm), 7.46 
(1 H, s), 7.86 (1 H, d, J = 7.34 Hz), 8.27 (1 H, s) , 8.45 (1 H, d, 
J = 4.89 Hz) , 8.51 (1 H, s) , 
Melting point: 213 - 215°C 

Elemental analysis: f or 0 . 5H2O • G24H25F2N5O3 - 

Calcd. : C, 60.24; H, 5.48; N, 14.64. 
Foimd : C, 60.46; H, 5.46; N, 14.55. 

Antibacterial activities of the coKopounds of the invention were 
measured in accordance with the standard method specified by the J^>an 
Society of Chemotherc^, with the resvLLts shown dLn the following table 
as MIC values (^g/ml) . In this connection, MIC values of levof loxacin 
(LVFX) , ciprofloxacin (CPFX) and 5-amino-7- [3- (R) - [1- (S) - 
aminoethyl]pyrrolidin-l-yl] -6-f luoro-1- [2- (S) -f luoro-l- (R) -cyclop 
ropyl] -8-methyl-l , 4-dihydro-4-oxoquinoldLne-3-caj±)03ylic acid 
(control drug 1) described in WD 9623782 are also shown for the sake 
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of cc fT ipa r ison with the MIC values of the ocopouiids of the invention , 
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INDUSTRIAL APELIOVBILITy 

The oonpounds of the invention, are a qalnolone cxspound 
represented fay the following formula 
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^dierein the substituent is an arcxnatic substltuent , «Ai±ch are useful 
as anti bacterial ocrapounds because of thedlr excellent antibacterial 
activity against Gram-negative bacteria and Gram-positive bacteria 
and also against various drug-resistant strains. 
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